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VABSTRACT
There is an economic imbalance and socio-economic disparity 
between the Hills and the Tarai (the plains). The majority of the Hill 
farmers of the country are operating at a minimum subsistence level due 
to increasing population, decreasing size of land holdings, soil erosion 
and deforestation. Under such conditions it was considered worthwhile 
to undertake a study aimed at exploring the possibility of increasing 
Hill farmers' income by the reallocation of available resources.
This study attempts to explore the possibilities for maximizing 
incomes of Hill farmers within the limits of the available resources. 
Feasible profit maximizing farm plans are presented in the hope that 
this will indicate the extent to which there is economic and technical 
'slack' on the Hill farms and potential for raising the standard of 
living. The analytical technique employed is linear programming.
The optimal farm plans show that the selected farmers in the 
study are allocating their resources close to the optimal in the existing 
situation. However, it is possible to increase the incomes of these 
farmers by provision of additional resources. Inadequacy of cash to 
adopt optimal farm plans suggests the key role of production credit. 
Credit availability had a bigger impact on increasing farm incomes than 
resource reallocation per se. This was examined via parametric pro­
gramming.
On the basis of the findings, specific recommendations are 
made. Major objectives of national planning in Nepal are to achieve 
national self-sufficiency in agricultural production and to improve the
vi
standard of living of small farmers. To meet these objectives, the 
financial institutions must give some priority to small farmers.
The main object of the thesis is to demonstrate the use of 
LP as a farm planning technique under peasant faiming situations. The 
direction in which efforts to extend the applicability of similar 
studies on a wider sample of Hill farms would provide policy guidelines 
that would be of great practical value. Simple budgeting and gross 
margin analysis will still be important in the majority of farm situations 
but given the availability of computer facilities, reliable and adequate 
data, the linear programming technique is a more useful and efficient 
technique.
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CHAPTER 1
INTRODUCTION
1.1 The Nepalese Hill Economy
Economic development in Nepal means essentially the development 
of the agricultural sector, because agriculture dominates the economy.
More than 93 per cent of the labour force is engaged in agriculture.
Most Nepalese people are dependent upon the rural sector for their employ­
ment and livelihood. The per capita GDP of Nepal in 1972-73 is estimated 
at Rs 947 ($94) at current prices and Rs 557 ($55) at constant prices of 
1964-65 (Shrestha 1975). These figures show that Nepal is one of the 
poorest among the developing countries. The picture looks worse when 
one considers the economic imbalance between two regions in the country, 
namely the Hills and Tarai (the plains).
On the basis of geomorphological conditions, Nepal can be 
broadly divided into the Hills (Northern area), and the Tarai (Southern 
area). There is no ready communication between the two areas because 
of the barriers of hills and gigantic mountains. The Tarai is more 
developed, because of its fertile land and other infrastructure. Most 
of the cereal grains such as paddy, maize, millets, wheat as well as 
cash crops are grown in the Tarai. On average over the years 1962-63 
through 1966-67 the Tarai accounted generally for 70 per cent of all 
grains produced in Nepal while the Hills accounted for 30 per cent.
Nepal is a surplus cereal grain country based on the overall 
estimated production and consumption patterns. The Tarai is a net 
surplus area while the Hills represent a net deficit area. The Tarai's
1
2surplus in cereal grain is enough to meet the requirements of the Hills. 
Thus the existing problem of food shortages in the Hills is not due to 
the result of inadequate production in the country, but due to distribution 
constraints which can be ascribed to the lack of transport facilities.
The Hills and the Tarai have very little access to each other's market.
The Hills of Nepal account for nearly two-thirds of the 
country's total area and have only one third of the total cultivated 
land (Malhotra 1972). About 60 per cent of the population lives in the 
Hills. As a result of heavy population pressure, land use is very 
intensive. The disparity between the Hills and the Tarai Regions can 
be observed from the socio-economic indicators shown in Table 1.1.
During the period 1964-65 - 1971-72 the population of the 
Hills area increased at a rate of two per cent per annum, while major 
food grain production declined there by 0.3 per cent per annum. Over 
the same period food grain production in the plains increased only by 
1.2 per cent per annum. Thus the country's situation has been described 
as follows; - "The Hills are food deficit and labour surplus area, whereas 
the Tarai are food surplus and labour deficit area" (IBRD 1974). Despite 
the abundance of labour in the Hills, labour productivity is very low due 
to the lack of other complementary factors for agricultural production, 
especially capital.
Furthermore, incomes and agricultural production in the Hill 
areas are low compared with those of the Tarai. The majority of the 
Hill population is engaged in subsistence farming with the average size 
of holdings less than 0.7 hectare, reflecting the scarce space for 
agricultural cropping. Soil erosion is also a growing problem, and is 
the outcome of deforestation, burning and overgrazing.
3TABLE 1.1
REGIONAL DISPARITY - NEPAL
Criteria Year Units Hills Tarai Nepal
Kathmandu
Valley Others Total
and
Inner Tarai
1 . Land Area 1971 % 0.6 71.7 72.3 27.7 100
2. Total Population 1971 % 8.0 51.0 59.0 41.0 100
3. Population Growth 1961-71 % 7.0 0.6 1.2 3.3 2.0
4. Population Density 1971 Nos/Km2 101 58 66 122 82
5. Cultivated Area 1972 %/annum 2 59 31 69 100
6. Rural Population/ 
Cultivated hectare 1971 Nos/ha 13.1 8.7 9.0 2.9 4.8
7. Average Farm Size 1968-69 ha 0.6 0.4 0.5 3.0 2.2
8. Percentage of Fanning 
Less Than 1 bigha 
(0.67 ha)
1968-69 % 46 82 79 24
9. Food Grain (+®” plU )^ -Deficit 1968-69 M.T. - -229,869 +565,852 +335,983
10. Growth Rate in 
Yields-Paddy Av.1967- %/annum 1.1 -2.2 -1.3 -0.2 -0.3
Maize Av.1972- %/annum 0.5 -2.3 -2.0 0.8 -1.0
Wheat %/annum 1.8 -5.8 -3.9 0 -3.1
11. Agr. Wage Rate 1968-69 Rs/day 4.0 3.2 3.4 4.1 3.5
12. Location of Large- 
Scale Industry 1968-69 % 37.5 - - 62.5 100
13. Transport
a.All-weather Roads 1968-69 % mileage 20.2 45.4 65.6 34.4 100
b.Number of Airports 1968-69 Number 1 2 3 12 15
14. Social Services
a.Education (High 
School + College) 1968-69 Nos 74+18 150+7 224+25 124+11 348+36
b.Health (Health 
Centre + Hospital) 1968-69 Nos 3+11 70+18 73+29 24+25 97+54
15. Number of
Development Projects 1956-70 % 34 14 48 28 22*
Sources: IBRD 1974, Gurung 1969
* Nation wide Projects.
4The increasing dualism between the Mountains and Hills on 
the one hand and Tarai on the other is both an economic and political 
reality and it is imperative that this differential be minimized. With 
the exception of Kathmandu Valley (which covers a mere fraction of the 
Hills area), development activities are most pronounced in the peri­
pheral Tarai regions. "The increasing dominance of the Tarai is not 
due to its rich resources alone but also to the comparative advantage 
of the Tarai in the field of development activities" (Gurung 1969).
It is necessary to consider variations in altitude, climate, temperature, 
flora and fauna which affect the development potential of various products 
in temperate and semi-tropical agriculture, including horticulture, cash 
crops, livestock, pasture and fodder production and cottage industries 
between two regions in terms of comparative advantage.
Ultimately, the potential of the Hill region must be developed 
and its production expanded to provide the growing population of Hill 
farmers with some reasonable improvement in their quality of life. Many 
programmes and projects such as the Migration and Resettlement Programme, 
Remote Areas Development Programme, Hill Agricultural Development Project, 
Gandaki Agricultural Development Project etc. have been implemented to 
develop the Hills.
The greater part of the public resource allocation for agriculture, 
and other development activities has been used in the Tarai and in the 
Kathmandu Valley. The majority of the Hill farmers are operating at, or 
near minimum subsistence level due to increasing population, decreasing 
size of land holdings, soil erosion and deforestation in the Hill areas.
Thus it is increasingly urgent but difficult to raise the standard of 
living of the Hill farmers.
51.2 Review of Literature
A number of studies related to development of the Hill economy 
have been conducted by various agencies, but attempts to examine optimum 
resource use for the Hill farmers are scarce.
A comprehensive agricultural credit survey was conducted by 
the Nepal Rastra Bank (1972) in 1969-70. The survey attempted to 
determine the timing of credit needs and the purposes for which credit 
was sought. It did this for different size-groupings of farmers and 
for both regions. The Bank then prepared farm plans for 22 districts 
(including the Hills and Tarai districts), using linear programming 
techniques to evaluate the effects of credit on cropping patterns and 
net farm income, under existing as well as improved technology, in 
different types of farm situations. With changes in cropping patterns 
and availability of credit, applying the improved technology suggested 
in the optimum farm plans, it was estimated that farmers' incomes could 
be increased by approximately 107 per cent in the Hills and nearly 60 
per cent in the Tarai (Nepal Rastra Bank 1972, p.210). The results 
derived from this survey were based on averages and not on individual 
farm results. As a result, many significant variables are masked, and 
this study seeks to provide a means of identifying and evaluating them.
A study entitled "Farm Management Study in the selected regions 
of Nepal" has been one of the useful exercises planned by the Economic 
Analysis and Planning Division (1971) of the Ministry of Food and 
Agriculture, HMG, Nepal during 1968-69. This study was conducted in 
order to provide some basic data for future research related to pro­
duction economics, agricultural marketing, evaluation of development 
projects and institutional reforms. The study covers both the Hills
6and the Tarai region. This study was designed to investigate the 
existing farming system, and to evaluate the potential for increasing 
agricultural output and farm income in Nepal. The cross tabulation 
method was used for data analysis in most farm resource data, and input- 
output relationships have been presented in terms of averages for all 
farm households, and averages for various size groups. The Research 
Centre for International Agrarian Development, Heidelberg, West Germany 
has also studied "The Structure of a Nepalese Mountain Region", concentrat­
ing on the Gandaki region of Nepal. This study does not give much 
indication of the constraints facing the existing farms, or of possible 
alternatives to improve the farmer's economic conditions.
A joint collaboration between the Centre for Economic 
Development and Administration (CEDA), Nepal and the German Development 
Institute (GDI), Germany conducted a regional analysis of Kosi Zone/ 
Eastern Nepal, mainly concentrating on Regional planning. The economic 
structure of the zone and its intersectoral and interregional inter­
dependencies were identified within the formal framework of a 40x41 
input-output matrix. The analysis indicates that the Tarai districts 
have an export surplus, whereas the Hills have a deficit, but that in 
terms of labour it is vice versa. Exports of the Hill economy to the 
Tarai are comparatively low. The Hill economy is running into a 
critical situation. Farmers would like to make use of fertilizer but 
are restrained by the need to carry it uphill. Further, tremendous 
difficulties have to be faced in transporting the Hill products down to 
the markets. Therefore incentives to increase production are lacking. 
Hitherto, there has been no real attempt to examine resource allocation 
on the Hill farms and explore production possibilities. Therefore, it
7is considered worthwhile to examine the efficiency of resource allocation 
of the Hill farmers.
1.3 Objectives and Scope of the Study
There are great dissimilarities in socio-economic conditions 
even between the various Hill districts. Problems differ from one place 
to another and so do the solutions. Therefore, it is hard to generalize 
about the existing situation of the Hills. However, with the limited 
resources of time and information available for this study only a small 
sample could be taken and Tanahu district, which is well known to the 
writer, was chosen from among 75 districts of the country for this purpose; 
from within that district, a few farmers particularly well known to the 
writer were chosen as case studies. The aim was to develop a method to 
determine a rational farm plan for maximum production within the limits 
of the resources available, in the hope that this would prove a useful 
tool for wider application in raising the standard of living for Hill 
farmers. It also helps to gauge the extent to which existing farm 
resources might be reallocated to achieve higher incomes. In this way 
we are making some check on the economic efficiency of farms (the level 
of technical efficiency being taken as given by the existing input-output 
relationships). We examine the impact on farm incomes of the intro­
duction of new crops and the effects of relaxing certain constraints 
capable of manipulation by government policy, e.g., credit.
The method needs to demonstrate to extension workers how to 
show farmers the best way to:
(a) maximise total net returns for the farm family;
(b) achieve the most efficient use of resources
available to the Hill farmers; and
8(c) determine the optimal farm plan solutions of 
alternative crops at given technology levels.
A linear programming (LP) technique is employed here. The 
LP solutions give not only the optimal allocation of farm resources among 
possible activities, but also a set of shadow prices indicating both the 
values of scarce resources and the opportunity costs of introducing non- 
optimal activities. These shadow prices enhance the prescriptive 
interpretation of the plan itself. LP allows better solutions to planning 
problems which are characterized by a wide range of potentially limiting 
resources and a large number of production alternatives.
The analysis aims to identify the constraints facing existing 
farms and to investigate possible alternatives that would improve the 
fanners' economic conditions. Each farm family is taken as a separate 
case. The model includes crops grown, input buying (including wage 
labour, grains and other family consuming goods), output selling, capital 
availability and cash borrowing activities. Under given conditions and 
subject to a set of constraints imposed on these activities such as land, 
labour, capital, the linear programming technique is employed to determine 
the combination of crop enterprises that will give the Hill farmers 
maximum net returns. Parametric programming is also used to determine 
the effects of relaxing binding constraints.
Analysis is concentrated on crop enterprises because they are 
the main enterprises in the area and provide the bulk of household food 
consumption.
Only a few farmers have adopted livestock and horticulture as 
commercial enterprises. However, it is hard to find families without
some livestock and a few fruit trees.
91.4 The Data
This study utilises some data from an agricultural survey 
conducted by the Gandaki Agricultural Development Project, Nepal during 
1969-70. The Junior Technicians (JT) and Junior Technical Assistants 
(JTA) were provided with lists of the names of a selected sample of 
farmers, and were required to fill up the pretested questionnaires 
(see Appendix 1) by interviewing farmers. The data were then transferred 
onto cards to facilitiate analysis.
In that survey two village panchayats,^  namely Navrung and 
Shyamgha of Tanahu district, were selected and 174 farm households were 
interviewed. Two village panchayats each include both hilly and valley 
regions. Furthermore, soil conditions and other economic factors vary 
in one and the same panchayat. The location of these panchayats was 
chosen in such a way as to cover a large area of the district and to 
represent a wide range of access. The farm households were selected 
randomly for interview. The data on economic situation, cropping pattern, 
and size and tenure of holdings of each farm household were collected.
Data from only two farm households from each of the two panchayats are 
used in this study.
The main purpose of this data collection was for an agricultural 
survey of the area. They were not collected for this study. Thus the 
data collected in the survey are not adequate for the purposes of this 
study in a number of respects. For example, the information on farm 
operations and the cost of cultivation of each selected crop are inadequate. 
There are biased responses and inadequate information in respect of
1 Village panchayats are the administrative units at the lowest level 
(village) in the four-tier Panchayat electoral system in Nepal.
10
sampling. However, by confining analysis to some of the farms for 
which higher quality data were available, and to which the author could 
add certain minor items from his direct personal knowledge, it was 
possible to construct the farm model and its input-output matrix on a 
reasonably satisfactory basis. Four 'farm types' are purposely selected 
from the sample so as to represent 'modal' farm situations for the area. 
These farms represent the farm situations that prevail in the area in 
size and tenure of land holdings, family size, land/man ratio, cropping 
pattern and farm family annual income.
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CHAPTER 2
DESCRIPTION OF STUDY AREA
2.1 Physiography
2.1.1 Location
Tanahu district is only moderately developed'*’ in comparison
with the more developed districts of the Western Hills of Nepal. It lies
2in the south-east corner of Gandaki Zone surrounded by Gorkha district in 
the east, Syangja and a part of Kaski district in the west, Lamjung and 
Kaski district in the north and Chitwan district in the south. The 
district is composed of valleys and hills. It comprises 43 village 
panchayats with a total land area of 1,443 sq. km. Maps of Nepal and of 
the study area are presented in Figures 2.1 and 2.2.
A few rivers namely Marsyangdi, Madi, Seti, Narayani and Kali 
flow through the district and a few Kholas1 23 namely Chundi, Risti, Kalesti, 
Sange and Myagdi in the valley are used extensively for irrigation.
Table 2.1 gives general information on the district.
2.1.2 Climate
The effects of topography and altitude on rainfall are pronounced 
in the country. Monthly distributions of rainfall at various altitudes, 
and variation of monthly temperature maxima and minima with altitude, for 
Nepal, are shown in Figures 2.3 and 2.4.
1 'Moderately developed' is used to describe a district with few roads, 
few adopters of new technology, few educated people or presence of 
government institutions.
2 Administratively, the country is divided into fourteen zones and seventy- 
five districts and Gandaki Zone is one of the fourteen zones.
3 Khola is the common term used for medium and small rivers.
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TABLE 2.1
GENERAL INFORMATION OF TANAHU DISTRICT
S .No. Particulars Unit Year Number
1 . Total Population Numbers (No.) 1971 158,139
2. Total Area Hectares (ha.) 1971 144,000
3. No. of Village Panchayats No. 1971 43
4. Literacy Percentage per cent 1971 17.8%
5. Land Use:
(i) Irrigated ha. 1971 586
(ii) Unirrigated II I t 12,814
(iii) Total Cultivated II I I 13,400
(iv) Forest I I I I 84,000
(v) Pasture I t I I 7,300
(vi) Percentage of Total
District Land Area That 
is Cultivated
per cent II 9.31%
(vii) Total Agricultural Land+ ha. II 107,700
6. Irrigation Potential II I I 2,546
7. Amount of Chemical 
Fertilizers Used metric tons II 119
8. Amount of Improved Seeds 
Used I I  II I I 258
9. Existing Institutions:
(i) Agricultural Station No. 1970 1
(ii) Veterinary Hospital I I II 1
(iii) Agricultural
Development Office I I I I 1
(iv) Co-operative 
Societies II II 2
10. Important Market Centres Bandipur,Damaoli, 
Rising, Deoghat, 
Muchuk
11. Main Exports Rice, ghee, hides 
herbs, slates and 
wooden goods
12. Main Imports Cloth, salt,
kerosene, spices, 
tobacco, paper 
and soaps________
+ Agricultural land includes forest and pasture
Source: Economic Analysis and Planning Division 1972 and GAADP 1970-74
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The lower levels of Tanahu district lie at 350 meters above 
sea level and the upper levels reach approximately 1,830 meters above 
sea level. Within this range lie three distinct climatic zones, namely 
the alpine region, cool temperate region and warm temperate region. The 
amount and distribution of rainfall at Bandipur Station'*' are shown in 
Table 2.2.
The table indicates the annual average rainfall as 1,892 mm. 
and the temperature fluctuates from a maximum of 31°C in summer to near 
freezing in the winter. The south-west monsoon usually starts in the 
middle of June and lasts for three months until the middle of September. 
Seventy-five to eighty per cent of the annual rainfall occurs during this 
period.
2.2 Population and Land Tenure
2.2.1 Population
The population census of 1971 recorded the district population
2as 158,139 of which, 76,819 were male and 81,320 were female . Population
density in the district is 1.096 per hectare. The economically active 
3population (EAP) of the district is estimated at 74,037 which constitutes 
46.82 per cent of the total population of the district.
2.2.2 Size and Tenure of Land Holdings
The common classification of land in the area is wet land (locally 
known as Khet) and dry land (locally known as Pakho). The wet land is 
relatively low lying, and is intensively planted with rice in the monsoon. 
The dry land is mainly used for growing maize, millet, dry paddy and pulses. 
The wet land is more valuable than the dry land due to its higher soil
1 Bandipur was the headquarters of Tanahu district until 1968. After 
that, Damaoli was considered as the district headquarters.
2 National Planning Commission Secretariat 1974.
3 EAP accounts for the population between the age of 11 to 59 years.
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productivity and crop profitability.
Table 2.3 illustrates the size of land holdings owned by 
farmers in the project area.
The average size of farm holdings in the district is about 0.4 
ha. Land is mainly acquired by the process of legal inheritance.
2.3 Employment and Income
The district is still dominated by subsistence agriculture 
with traditional farming practices. Traditional trading, selling surplus 
food grains, wool and its processed goods, ghee, minor quantities of 
fish, eggs and fruits, is done in local village markets. Some farmers 
earn incomes from non-farm activities such as portering and labouring.
Most landless people are engaged in these types of jobs. The con­
struction of the Kathmandu-Pokhara Highway (Prithivi Rajmarga) and the 
Sonauli-Pokhara Highway made ample but temporary employment opportunities 
for the people of this district, and has led to a substantial increase 
in district income and agricultural production in this area since 1968.
There are no big industries in the area and only a few cottage 
industries. Quite large numbers of people are recruited in the army and 
many ex-military servicemen receive pensions.
According to the Agricultural Credit Survey conducted by Nepal 
Rastra Bank (1972) during 1969-70, average net income^ per annum per 
farm family received by the large, medium and small size farms was Rs 1,020, 
Rs 489 and Rs 347 respectively. The farmers in all size groups earn 
farm income in the form of cash as well as non-cash, whereas non-farm 
income is received in the form of cash only. The non-farm activities 
are quite important so far as cash income on the farm is concerned in this
1 Includes receipt from sale of assets as well.
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TABLE 2.3
SIZE OF LAND HOLDINGS IN THE PROJECT AREA
(in hectares)
Strata
Percentage 
of Total 
Households
Total
Khet
(low land)
Total
Pakho
(upland)
Total
1 . 0  - 0.2 hectare 37.45 1488.89
(4.94)
5408.40
(14.98)
6897.29
(10.42)
2. 0.2- 0.5 hectare 38.10 7446.81
(24.74)
13373.27
(37.05)
20820.10
(31.44)
3. 0.5- 1.02 hectare 17.39 9721.12
(32.29)
10290.24
(28.51)
20011.36
(30.24)
4. Above 1.02 hectare 7.08 11448.33
(38.03)
7023.65
(19.46)
18472.00
(27.90)
Total 100.00 30105.15 36095.56 66200.75
Figures in parentheses are the percentage of total 
Source: Central Bureau of Statistics 1961.
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area.
2.4 Cropping Pattern
2.4.1 Land Use Pattern
The cultivated area has been estimated to be 13,400 hectares, 
of which 586 hectares are irrigated and 12,814 are non-irrigated land.
The area under forest and pasture is about 84,000 and 7,300 hectares 
respectively. Thus the total agricultural area is 107,000 hectares in 
the district (based on 1974 statistics).
Soil type of the district varies enormously from one place to 
another with reddish brown and yellow soil on the hills and black loam 
near the forest. Sandy alluvial soils, light black in colour, are found 
in the valleys. The cultivated land of the district is generally 
covered by pebbly soil and remains bare during the winter due to dryness. 
The principal types of valley soils are sand, sandy loam, loam, silty 
loam, swamp etc.
2.4.2 Cropping Pattern and Production Practices for Major 
Cereal Crops
The cropping pattern and production of each crop differs from 
one area to another because of differences in topography and climatic 
conditions. Paddy, maize and millet are the principal crops of the 
district, followed by wheat, barley and pulses as secondary crops.
Among cash crops, sugarcane, oil seeds and ginger dominate, but the area 
under each of them is very limited. Tanahu district is considered a 
surplus food grain district with a total surplus of 903 metric tons in 
the year 1970/71 (Economic Analysis and Planning Division 1972, p.76).
A brief description of each of the major crops grown in the area is given
below.
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(a) Paddy
Paddy is one of the most important crops in the 
district. Its importance as a food grain exceeds 
that of any other summer crop, and until now there 
has been no alternative to paddy cultivation.
Most of the varieties used for cultivation are 
local ones. The cultivation of paddy depends on 
irrigation and the acute problems of irrigation 
have limited the total area under paddy. Moreover 
cultivation of summer paddy, mainly because of 
irrigation problems, has been confined to limited 
pockets along the river beds. If irrigation could 
be provided, a much larger area could be brought 
under cultivation in the summer season as well.
A few varieties of improved paddy were tried in the 
area by the GAADP but they did not perform as well 
as expected. Micro-climate and local soil con­
ditions caused the available range of improved 
varieties to be unsuitable. To assess the overall 
performance and fertilizer response of local 
varieties, different fertilizer trials and demon­
strations were conducted. It is claimed that the 
results of these fertilizer trials on farmers' 
fields show convincingly that there are economic 
returns from fertilizer applied to local varieties. 
On average, the use of recommended application rates
of fertilizer on local varieties led to an increase
23
of 41.6 per cent in yield (GAADP 1970).
(b) Maize
Maize is considered the second most important summer 
crop in the district. Several local varieties of 
maize are cultivated and are being gradually replaced 
by high yielding improved varieties especially 
Khumaltar yellow. Different fertilizer and varietal 
trials were conducted by the GAADP to find out the 
best variety and fertilizer response. It is more 
difficult to estimate maize yields than paddy yields 
because of the different harvesting techniques.
When each maize plant matures, the ears from all the 
fields are collected and mixed and it is hard to keep 
the produce from one field separate.
(c) Wheat
Wheat cultivation was not well known to the farmers 
until 1968 (the date of establishment of GAADP).
Then only 245 hectares of wheat was under cultivation. 
In the winter season of 1969, it was decided to start 
a Wheat Growing Campaign in the area. The improved 
variety, Lerma Rojo 64 of Mexican origin, gave the 
best results under irrigation. Observation of the 
growth of wheat in farmers1 fields showed that Lerma 
52 performs well at higher altitudes and under un­
irrigated conditions. The yields cannot, however, 
be compared with those of Lerma 64 under irrigation.
24
(d) Millet
Millet is another important crop in the area. It is 
mainly grown in the dry land. Few local varieties 
of millets are grown in the area.
Total area and production under different crops in the district 
are shown in Table 2.4. Table 2.5 gives the area under improved strains 
of paddy, maize and wheat.
Before the project came into operation, the agricultural 
practices of the district were primitive, involving wooden ploughs, 
bullocks, local seeds and manure. The cropping pattern always remained 
the same without any major shift in crop rotation. After the estab­
lishment of GAADP, a major change took place in the cropping patterns 
and practices of the area.
2.4.3 Main Constraints to Agricultural Development
"Economic fragmentation constrains economic development in 
Nepal because it results in small effective markets and produced relative 
price structures inaccurate as indicators of true economic scarcity" (Fry 
1974). The lack of information about any economic indicators at the 
district level makes it difficult to quantify the main constraints on 
agricultural development in the area. However, low levels of crop, 
livestock and horticultural production and the resultant low levels of 
farm income in the area are due to social, economic, technical and 
institutional factors. Some of the main constraints faced by the 
farmers are discussed below.
Interviews with farmers in the area revealed that, in the 
absence of irrigation facilities, farming depends on monsoon rains, 
which are very unreliable. Because of the lack of timely availability
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of water, the use of fertilizers, high yielding crop varieties and 
expansion of area under vegetables are all made difficult.
The crops in the area are grown on narrow, small, unlevelled 
and outward sloping terraces and the farms are usually scattered over 
a number of locations surrounding the village. These are serious 
handicaps in the planting of new orchards and in the adoption of soil 
conservation measures.
The agricultural practices are under-developed and the farmers 
still follow traditional farming methods. Therefore there is an in­
creasingly urgent need for the development of a new agricultural 
technology that is suitable to the area in terms of cost, skills and 
institutional framework to raise the level of living of the farmers.
Thus "location specific research" is very much needed. However, such 
technology developed by agricultural research should be made equally 
accessible to farmers of all income groups.
There are suggestions that the decline in agricultural pro­
duction is liable to continue. This is likely to result from constraints 
such as poor and inadequate means of transportation and communication, 
late and inadequate supply of new inputs like improved seeds, fertilizers, 
plant protection chemicals etc. Other constraining factors are the 
rising cost of fertilizer and the ineffectiveness of agricultural 
institutions caused by the lack of co-ordination among personnel.
Besides these factors, existing credit and marketing facilities 
in the area are not adequate for the needs of the farmers. It is 
obvious that adoption of new technology will depend to a very large 
extent on the adequacy and ease of access to these two facilities.
Taking these constraints into consideration, efforts are being
23
made to develop the agriculture of this area through the GAADP and to 
some extent the project has succeeded in making fanners aware of improved 
methods of cultivation. Farmers' criteria for the acceptance of new 
crops is based on a preference for crops which are more profitable and 
which are not competitive with other main crops. It is, therefore, 
necessary to encourage local adaptive research tests and demonstrations 
within the relevant climatic conditions, as well as to spell out in full 
the economic justification for each recommendation.
2.4.4 Horticulture
The wide climatic variation in the district makes it possible 
to grow most kinds of fruits and vegetables. For example deciduous 
fruits can be grown at higher altitudes, especially in the fertile valleys 
along the rivers. Usually, the farmers have a few trees of different 
fruits and the products are mostly used for home consumption. Citrus 
is the most common fruit grown in the area. Besides this, the farmers 
grow apples, pears, peaches, walnuts, lichi, bananas, jackfruit, mango 
and guava.
GAADP distributed different fruit plants in the area but data 
were not available according to the type of the fruits. The project 
also financed a few responsible and interested farmers for the develop­
ment of horticulture as a commercial enterprise. Table 2.6 shows the 
estimated number of fruit trees existing in the area during the year 1970/71.
The main kinds of summer and winter vegetables grown in the 
district are radish, cauliflower, cabbage, spinach, broccoli, brinjal, 
peas, beans, onions, potatoes, turnip and tomatoes. Farmers are keen 
to obtain good vegetable seeds. Some even started to reproduce seed and 
seedlings from those supplied by the project. In the valley of the
TABLE 2.6
ESTIMATED NUMBER OF FRUIT TREES IN 
TANAHU DURING THE YEAR 1970/71
Types of Fruit Number of Trees
1. Mango 24,000
2. Orange 7,000
3. Pear 2,000
4. Apple 2,000
5. Papaya 3,000
6. Banana 55,000
7. Lemon 2,000
8. Jackfruit 1,000
9. Guava 40,000
Source: Economic Analysis and Planning Division 1972.
TABLE 2.7
ESTIMATED LIVESTOCK POPULATION IN TANAHU 
DURING THE YEAR 1969/70
Type of Livestock Number
1. Cow 48,000
2. Ox 39,000
3. She-buffaloes 34,000
4. Goats 68,000
Source: Economic Analysis and Planning Division 1972.
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Jamdi River, for example, the farmers started vegetable cultivation 
with great enthusiasm and good results. With the creation and ex­
pansion of markets for fresh vegetables, there are opportunities for 
encouraging vegetable production in the area by providing the necessary 
incentives to producers. Almost all farmers grow vegetables in kitchen 
gardens for home consumption. No farmer has yet taken to commercial 
cultivation of vegetables.
2.4.5 Livestock
Raising livestock is another activity in the study area. It 
is hard to find families who have no livestock at all but very few have 
large herds. Mostly cows, buffaloes, poultry, sheep, goats and pigs 
are raised in the area. Livestock farming is very much a tradition in 
the area. Breeding, care and management and pastoral methods are still 
very poor. There is a high incidence of malnutrition, inbreeding, and 
disease augmented by a lack of extension information about improved 
husbandry methods, and these are the main obstacles in making livestock 
a profitable enterprise.
There is considerable demand from farmers for improved live­
stock of all types. There are particularly good prospects for pig and 
poultry raising, not only as a means of improving dietary standards, but 
also to make use of the rising surplus of feed and fodder derived from 
the increasing level of maize production.
Some private farmers and business men have applied for loans 
to set up dairy and chicken farms. The Agriculture Development Bank and 
the Project staff assist in analysing the feasibility and economics of 
the proposals, and provide technical guidance.
Table 2.7 shows the estimated livestock population in the area
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during the year 1969/70. (See p.29).
2.5 Agricultural Services
2.5.1 Agricultural Extension
The District Agricultural Development Office was established 
in the year 1968 to provide agricultural extension in the district. It 
has provision for a few agricultural technicians, whose main respon­
sibilities are to carry out the fixed target of extension activities set 
by the Central Department of Agriculture in co-operation with the spec­
ialized committees of village panchayats. Extension methods such as 
result and method demonstrations, home and farm visits, farmer training, 
agricultural exhibitions and fairs, are used by these technicians to 
encourage farmers to change from traditional agricultural practices to 
new scientific methods of cultivation. This has brought some limited 
agricultural development to the district but the progress fixed as the 
target has not been achieved.
The GAADP was initiated on March 17, 1968 to boost agricultural 
production in the Gandaki Zone relying mainly on agricultural extension 
activities. The headquarters of this project are in this district, at 
Khairenitar. The Project aimed at an overall increase in agricultural 
production from intensified extension services coupled with individual 
credits made available to farmers and co-operatives for agricultural 
inputs. It aimed to discourage migration from the hills to the plains 
and to induce diversification from pure subsistence to market-oriented 
production. The project has succeeded to some extent in making farmers 
aware of improved methods of production. But their reluctance to adopt 
these practices is mainly due to lack of irrigation facilities, timely 
availability of agricultural inputs, technical supervision and agricultural
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credit. Among the several programmes of the project, that dealing with 
the wheat crop appears to be the most successful.
2.5.2 Agricultural Research
The only agricultural research station in the district is a 
farm and soil laboratory in the project headquarters at Khairenitar.
Farming there was started on a small scale in 1969, when some early trials 
on maize were set up. The results were quite promising. Twelve hectares 
are used for the production of fodder, cereals and other cash crops, and 
for trials on these crops and experiments to determine suitable crop 
rotations. Three hectares are now devoted to horticultural production.
All cultivation machinery, such as tractors, tilling implements, fertilizer 
broadcasters drilling machines, irrigation pumps, and pipelines were 
supplied from Germany. The livestock unit consists of a piggery section, 
and a chicken section.
A medium size soil laboratory has been constructed and a soil 
scientist has been appointed to the Project by the Ministry of Agriculture. 
The laboratory is now operating with limited staff. It is concerned with 
soil survey, soil microbiology, soil fertility and soil physics.
A few trials and demonstrations for the major crops were con­
ducted by the project in the farmers' fields and the results are promising.
2.5.3 Agricultural Input Supply
The Agricultural Marketing Corporation (AMC) has established a 
branch office at Khairenitar. It has three depots and various dealers 
appointed within the project area. One of the depots is at the district 
headquarters. Chemical fertilizer is undoubtedly one of the more important 
items supplied. The importance of the fertilizer programme lies not 
only in the agricultural value of the fertilizer but also in its value
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as a catalyst in the promotion of other improved agricultural practices 
in the district. The use of fertilizer is increasing every year and 
the demand for fertilizer is only partially met.
In addition to fertilizer, AMC supplies improved seeds which 
are not otherwise available within the Zone. It deals in pesticides 
and plant protection equipment, and provides tools and implements for 
cultivation. Most of the improved inputs recommended to the farmers 
are made available by the District Agricultural Development Office.
Table 2.8 shows the total use of chemical fertilizer in the 
project area during the year 1970/71 to 1973/74.
TABLE 2.8
USE OF CHEMICAL FERTILIZER IN MAJOR CROPS 
IN THE PROJECT AREA 
(in metric tons)
Year/
Fertilizer 1970/71 1971/72 1972/73 1973/74
Use of different 
type of chemical 
fertilizer
484.118 593.302 1215.210 1177.210
Source: GAADP 1970-74
2.5.4 Agricultural Credit
The other agency involved with agricultural development in the 
district is a branch office of the Agricultural Development Bank. With 
the help of bank staffs and with the co-operation of Junior Technical 
Assistants (JTAs) it has been possible to give individual credit to needy
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farmers. The bank provides certain production loans in kind such as 
seeds and fertilizers for the main crops. Loans are also given in 
kind for improved buffaloes, pigs, horticultural plants and for rice- 
mills. After only a short period of such bank action, there is an 
increasing demand for small production loans, and the success of these 
loans can be seen from the widespread increase in the area growing winter 
wheat. The readiness of the farmers to pay back the loans is 
satisfactory.
Table 2.9 shows the agricultural credit provided by ADB in 
Tanahu and Lamjung districts for different purposes.
Besides the ADB, the land reform office of the district also 
functions as a supplier of institutional credit. There is also one sub­
branch office of the Nepal Bank Ltd., which provides loans against the 
securities of food grains and gold and silver to the farmers. There 
are two Co-operative Societies but they are not functioning well.
2.5.5 Agricultural Marketing
Tanahu district is a surplus district as far as the food pro­
duction is concerned. The agriculture statistics of Nepal estimate 
district total food grain production and district total food grain 
requirements in the year 1970/71 at 27,103 metric tons and 26,200 metric 
tons respectively. These figures suggest a net surplus of 903 metric 
tons of food grains in the district. This district, which previously 
could be reached only on foot, is now linked by a motorable highway 
called Prithivi Rajmarga (Kathmandu-Pokhara Highway) to a number of 
villages on the way from Kathmandu to Pokhara. This makes it practicable 
for the farmers to carry their surplus products and sell in the big
markets at reasonable prices. The main commodities so sold are surplus
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grains, horticultural products, livestock products, handloom and wooden 
goods. The main commodities bought by the farmers are cloth, salt, 
kerosene, spices, tobacco, paper, soaps etc.
This chapter dealt with a description of Tanahu district of 
Nepal which is used as a case study in this analysis.
TABLE 2.9
AGRICULTURAL CREDIT FINANCED BY THE AGRICULTURAL 
DEVELOPMENT BANK IN TANAHU AND LAMJUNG 
(in '000 Rupees)
Purpose 1969/70
1970/
71
1971/
72
1972/
73
1973/
74
1974/
75*
TOTAL
1. Cereal and Cash Crop 153 238 430 424 276 1 1522
2. Farm Mechanisation, 
Irrigation and Farm 
Improvement 1 50 103 16 170
3. Agro-business 9 18 150 122 112 7 418
4. Agro-industry, 
Warehousing and 
Marketing 27 32 362 180 168 88 857
5. Horticulture — 20 7 13 17 1 58
TOTAL 189 308 950 789 676 113 3025
* Up to first quarter
Source: Agriculture Development Bank, Centre Office, Kathmandu, Nepal.
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CHAPTER 3
THE LINEAR PROGRAMMING MODEL
This chapter contains a brief description of linear programming 
in general and the detailed methodology adopted in the study 
3.1 Linear Programming in General
3.1.1 Introduction
After the conference on 'linear programming' held in Chicago by 
the Cowles Commission for Research in Economics on June 20-24, 1949, the 
term 'linear programming' became a convenient label for resource 
allocation problems, which are concerned with either minimizing or 
maximizing an objective function subject to linear constraints.
Linear Programming (LP) is fundamentally a mathematical model 
and contains no mysterious powers to provide answers to a poorly formulated 
problem. All LP problems involve a search for an optimal solution, with 
an objective either to maximize or minimize an 'objective function', 
subject to the 'constraints' or 'restraints' of the problem. There are 
'choice variables', the numbers which are to be chosen so as to minimize 
(or maximize) the objective function and to satisfy all the restraints.
The objective function is, in general, a linear function of the choice 
variables, and the restraints are either equalities or inequalities 
involving linear functions of the choice variables. The LP problem must 
also meet non-negativity requirements so that only zero or positive levels 
of production are permitted.
LP has been used as a research tool by agricultural economists 
to specify the optimum organization of resources and enterprises on farms, 
to suggest desirable farm adjustments, to specify profit maximizing mixes
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of commodities produced by marketing firms, to specify cost minimizing 
methods of processing products to specify spatial equilibrium patterns 
in the flow of agricultural products, and to indicate optimum inter­
regional patterns of resource use and product specialization in agric­
ulture. The method can also be used for specifying the least-cost 
ingredients of a diet or ration which must meet specified nutritional 
requirements.
LP does have an important place in planning the operations of 
large and relatively complex mixed farms where there are large numbers 
of alternative enterprises, different soil types etc. It is an efficient 
way of determining optimum plans only where there are numerous enterprises 
or processes and numerous restrictions in attaining a specific objective 
such as maximizing farm profits or minimizing production costs.
Budgeting restricts the analysis to a nominated section of the 
production possibilities surface, and may beg questions which are likely 
to be important, such as kinks or curvature in the factor-factor functions, 
the nature of limiting resources and the marginal revenue products of 
factors in use (Heady 1956).
Waring (1962) adds that a particular virtue of LP is the ease 
with which it permits those familiar with its use to conceptualise 
complicated enterprise patterns and the simplicity with which the 
mechanical mathematical techniques involved permit simultaneous con­
sideration of the production possibilities offered by a large number of 
inter-acting activities and restraints observable in empirical farm 
practice.
Applied to farm planning, this technique can be used to determine 
(a) the amount of outside financing needed to
implement the optimum plan;
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(b) the mix of traditional and new agricultural 
activities that would make the most 
profitable use of land and other resources;
(c) the amount of labour required for the 
implementation of a particular plan; and
(d) the sensitivity of the development plan to 
variations in the values assumed for various 
economic factors included in the model.
Thus the LP technique has all these advantages over other 
techniques in farm planning. However, success in the use of this 
technique depends on the reliability of the basic data and the applicability 
of its basic assumptions to the actual problems for which an optimum 
solution is sought. For the other advantages of LP in detail refer to 
Adhikary (1974, pp.18-19) and Mactier (1973, pp.4-8).
3.2 Analytical Model
3.2.1 The Model
Under given conditions and subject to a set of resource 
restrictions imposed on different activities, the LP technique is 
employed to determine the combination of crop enterprises and hiring 
activities that will give the Hill farmer maximum gross margin."^ The 
standard form of the LP model used in this analysis is specified 
symbolically as follows:
Maximize
n
Z = E C.X. (j=l,.........n)
j=l 3 3
1 The gross margin is defined as the returns less the variable cost 
component. It is sometimes referred to as gross profit.
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Subject to E aijX. - bi (i=l,.......... m )
j=l D
E aijX. = bi (i=m +1,.......m )
j=i 3
and
E aijX. - bi (i=m„+l,.......m )
3=1 3 2
X . - 0 whereJ
the gross margin in Rupees 
the number of activities
ththe gross margin from one unit of the j activity in 
Rupees
. th
j
ai j
the level (area/no) of the j activity (j=l, ■ n)
the amount of the i input required per unit of the 
thj activity (i.e. input/ output coefficients)
thbi = the resource levels (i resource)
m = the number of constraints
This model is further elaborated after the basic matrices are 
presented. These basic matrices are derived from Appendix II. The 
model includes crop production, hiring human labour and cash borrowing 
activities. This type of model is well suited to an examination of 
constraints on production in a situation in which the objective function 
is unambiguous and risk considerations do not dominate production decision. 
Neither of these conditions is easily fulfilled in semi-subsistence 
peasant farming (Heyer 1971).
3.2.2 Activities (Xj)
There are many choices available to the farmer in the study area 
in his use of resources. For example, he can change the number of crops 
and crop varieties, levels of fertilization and kind and breed of livestock.
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On the basis of the existing situation during the survey period, a list
of possible activities is included in the model. The crop production
activities are the primary variables in the model, whereas labour hiring,
cash borrowing and bullock feeding are considered as derived activities.
They are categorized into two levels of technology: existing technology'*'
2and improved technology .
(a) Crop Production Activities (i=i,....n )^
Only main crop enterprises of the study area are included in
the matrix. Crop enterprises are given priority in the model because they
form the main fanning enterprise and the major items of household consumption
The sowing and harvesting times of each selected crop are shown in Table
3.1. The time of sowing and harvesting is important because the rainfed
system of farming is common in the area. The yield suffers if the
farmer does not plant and harvest the crop at the right time. Thus the
different peak periods for each of the crops are taken into consideration
for formulating the matrix. Figure 3.1 shows a clear picture of the
cropping pattern in the study area.
The gross margin for each crop is calculated on the basis of
available information on a per unit of activity basis. The input-output
3coefficients are calculated on per Matomuri basis.
(b) Labour Hiring Activities (Xn. + 1 and Xn. + 2)------------------------------ ------------- —  1 i
(i) Human Labour (Xn. + 1).• l
The human labour requirement during the peak periods on some
1 The term 'existing technology' is used for traditional agriculture, where 
the operations, activities and inputs are based only on experience 
gained over centuries.
2 The term 'improved technology' is used for modern agriculture where 
the knowledge and inputs generated by research are utilized.
3 78 Matomuri = 1 hectare.
S
O
W
IN
G
 
A
N
D
 
H
A
R
V
E
S
T
IN
G
 
T
IM
E
S
 
O
F 
TH
E
 
S
E
LE
C
T
E
D
 
C
R
O
P
S
41
W
2
Eh
U
a
Ehft
H
Q
4-1
O f t  
OP M 
O U 
•H
4J Ä  P u H P p w
oi
P
Q
ft
O
0)
e•H
Eh
tnP
•Hft
01 
(D 
> 
H
fd
2
in
>i
P
Q
ft
0
tnP
•H
£
Oft
01
ft
0
u
u
01
> 1
fd
xj
o
rHft
rPft
LO
Ift
CD
§
hi
toft
u
rd
w
oft
r Pft
LO
CM
I
LOft
ft
u
n
ps
01ft
pft
ft
p
•H
U
ftft
01
>iP
X)
oft
f t
oft
ftftoft
Ift
f t
f tu
0
01 
f t  P 
f t
o
f t
o
f t
I
t>
XJ
01
>i
P
Xl
o
f t
f t
f t
f t
0
f t
1
LO
f t
f t
a
0)
C/1
0)
ft
p
f t
LO
f t
5  5o
f t
I
LO
f t
>iP
£
CD
f tP
f t
>i
'ft
01
>1P
f t
LO
f t
f t
.P 
f t  
LO I-I
H
rH
f to
f t
I
LO
CM
01
ftP
f t
01
> 1P
f t
LO
f t
r—1
f t
f t
lO
f t
I
f t  I—I
f t
o
HP
£
f t
■H
£
f t
f t
LO
I
f t
>
0
2
>if tSH
p
w
u
01
f t
p
•H
5
01
!>iP
f t
O 
CM I—I
O I—I
o
f t
I—I 
CM
f t
01
f t
01
f tP
f t
f t
f t
LO
I
f t
>
o
2
>i I—I
U
P
f t
SH
0)
f t
p
•H
2
01
P
f t
o
CM
f t
O
f t
f t
f t
LO
CM
I
LO
f t
f t
Ü
u
p
£
01
ft
p
f t
o
f t
oI—I
I
f t
0
01 
Q
f t
n
p
w
u
0)
f t
p
f t
5
01
> 1
p
f t
oo
f t
o
f t
f t
f to
CO
I
f t
CM
f t
01
ft
01ft
pft
o
rH
ft
0
CO
1o
CM
0
01 
Q
01ft
Pft
u
01
f t
pft
s
01 >i
X)
P
f t
f t
01 f t
t
u
p
01
01 o
i
01
N
f t
xj
X) >i
rH
rH
p
01
f t
01
01 P
i—1 i—I
P
£
p
f t
u
Q s 1 £
P f t  
f t
01
f t
rH CM CO LO LO O' 00
ft
Üft
nft
01ft
Q
01u
u
p
0
01
Ag
ri
cu
lt
ur
al
 D
ev
el
op
me
nt
 O
ff
ic
er
 i
n 
th
e 
Ta
na
hu
 D
is
tr
ic
t.
FIGURE 3 .1
42
CROPPING PATTERN OF THE SELECTED CROPS IN TANAHU DISTRICT, NEPAL
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farms cannot be met by the available family labour. In such situations 
the family has to hire labour from outside during the peak periods. The 
peak periods occur during sowing, interculture and harvesting of crops.
The farmer does not have to pay the wage in cash but provides two to 
three meals a day which is valued at Rs. 5. The wage rate of Rs. 5 is 
included in the matrix as a negative element and thus the hiring of each 
man day of labour will reduce the total gross margin by the amount of this 
wage.
(ii) Bullock Labour (Xn  ^+ 2)
Bullock labour is another activity in the matrix. Most of 
the farm families own a pair of bullocks for farm operation. Those 
families which do not have a bullock have to pay a wage rate of Rs 6/day 
to cover meal expenses for the main behind the plough. The periods of 
maximum demand for bullock labour are mainly during sowing time of 
various crops and these periods are considered peak periods.
(c) Bullock Feeding Activity (XiO^
Bullock feeding is another activity introduced into the matrix. 
The family holding a large farm, and owning a pair of bullocks, needs to 
leave a part of its winter land fallow for bullock grazing. During the 
winter, fodder is scarce and it is a general tendency in the area to leave 
the bullock in the fallow land for grazing. For example, 15 Matomuri of 
land of Farm A is allowed for bullock grazing during the winter season.
(d) Cash Borrowing Activity (Xn )^
A cash borrowing activity is also imposed in the plan so as to 
estimate cash needs for hiring labour as well as for meeting the cost of 
inputs under a changed cropping pattern. The farmer could borrow from 
various agencies and use cash for changing cropping patterns and improved
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technology. Private credit agencies in the area are village money­
lenders, professional moneylenders, landlords, friends and relatives.
Most farmers are dependent on these people because of the lack of 
effective institutional credit agencies. According to the credit survey 
report, the maximum rate of interest charged by moneylenders was 50 
percent and the minimum 10 percent. Moneylenders do not prefer loans 
against standing crops because of higher risks and uncertainties. As 
a result small farmers are generally worse off as they do not have assets 
other than their standing crops. All the private agencies except 
landlords provide more credit to the medium and small size groups. The 
village moneylenders are the most important contributors for the small 
size group.
Three important institutional credit agencies are the co-operative 
credit societies, the ward/village committees and the Agricultural 
Development Bank (ADB). The co-operative credit societies were the 
first institutional sources of credit for the farmers. There are various 
reasons for the slow progress of co-operative development to date. Most 
of the farmers are illiterate and poor. Under these conditions it is 
difficult to develop the administrative skills necessary for the development 
of co-operatives.
Ward/village committees have played a significant role in the 
supply of credit to the fanners and they have become one of the main 
credit supplying agencies. These committees as collecting agents for 
compulsory savings have proved important at the grassroots level. The 
compulsory savings scheme has been a unique and useful experiment in 
terms of the mobilization of rural capital. The achievements in
collection were a clear indication of the farmers' faith and co-operation
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in the programme. But the way savings were handled both at the central 
and village levels amounted to a breach of faith with the farmers.
The Agricultural Development Bank (ADB) is one of the pioneering 
agricultural financing institutions. This Bank is obviously an important 
milestone in the establishment of agricultural banking in the country.
Credit is provided by ADB at a 10 percent interest rate. There are 
problems of credit delinquencies financed by the Bank because of lack of 
proper supervision, lack of active leadership and experience. Furthermore, 
the loan papers are complicated and the preparation of legal documents 
pertaining to the loan is also time-consuming.
3.2.3 Resource Restrictions (bi)
Linear programming is an efficient way of determining optimum 
plans only if there are numerous enterprises or processes and numerous 
restrictions in attaining specific objectives. In the study area, the 
farmer operates with severe constraints on farm resources like land, 
irrigated area and working capital. Family labour and regular hired 
labour are not limited in the area but they are treated as a resource 
limitation at peak periods. Besides the limited availability of resources 
(i.e. b^, i = l,...m ), there can also be technical, institutional or 
other types of restrictions (i = m + l,...m). In view of this, 
additional restrictions on the minimum or maximum size of certain 
enterprises were introduced into the programme. A list of various 
resources restrictions on the choice of farmers in the study area is given 
below.
(a) Land Restrictions
The land is fixed in amount and is of two categories; unirrigated 
upland and irrigated low land. Upland is called Pakho and the low land
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is called Khet in the colloquial Nepali language. Since land can be 
cropped in three seasons, spring, summer and winter, land is classified 
as follows: (1) spring land (2) unirrigated monsoon land (3) irrigated
monsoon land and (4) winter land. All the land under consideration is 
crop land. The restrictions ensure that a crop activity will not be 
extended beyond the limits allowed by the level of land suitable for a 
particular crop activity.
(b) Labour Restrictions
(i) Human Labour
A few assumptions are made to effect the standardisation 
of variables. They are as follows:
(1) It is the practice of the farmers in the area, if 
their labour resources are inadequate in any particular operational period, 
to borrow labour from other farmers and to repay the loan in the form of 
labour itself. When the farmer hires labour at peak periods, then he 
provides meals valued at Rs 5 for the hired labourers instead of paying 
cash.
(2) Women do not work in the field equally with men in 
the area. On the basis of the "Farm Management Study Survey" conducted by 
the Economic Analysis and Planning Division (1971) of the Ministry of Food 
and Agriculture, HMG, Nepal in the year 1968/69, an adult male is taken
as a standard and an adult woman is counted as 0.80 of an adult man. Child 
labour, i.e. persons between 12-16 years of age, is counted as equivalent 
to one-half of an adult man if the child is engaged in agriculture. Persons 
over the age of 59 and persons who work exclusively outside the farm have 
been omitted.
(3) Labour inputs are converted to man-hours from man-
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days. During the summer (Feb.-Sept.), the days are long and the man-day 
is taken as 8 hours of work whereas in winter (Oct.-Jan.) the days are 
short and the man-day is taken as 7 hours of work. On this basis, total 
available man hours is calculated to establish labour resource levels 
at different peak periods. The sowing and harvesting times of each crop 
are considered as peak periods. The input-output coefficients are 
calculated on the basis of actual use of labour in hours for each crop 
activity per unit of Matomuri at peak periods. These coefficients are 
based on the original survey data and are shown in the Appendices.
(ii) Bullock Labour
Bullock labour availability against peak periods is con­
sidered as owned bullock labour days. It is assumed that the breed of 
the draught animal is fairly homogeneous, i.e. local. Therefore, the 
variability in the work done by bullock depends on only the feeding and 
upbringing. It is assumed that in the study area, most bullocks are 
reasonably well kept.
The availability of bullock labour days was determined 
after deducting from the total available days used for other crop production 
purposes. As in the case of human labour constraint, the bullock labour 
constraint was also considered during the same two peak periods. The
bullock-day is also taken as 8 hours of work during the summer and 7 hours 
of work during the winter. It is also assumed that one man is always 
working with a pair of bullocks and costs are deducted accordingly. The 
input-output coefficients are calculated on the basis of the original 
survey data.
(c) Cash Restrictions
Cash is needed to meet the day-to-day expenses on the farm such
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as buying seed and fertilizers and meeting the hired labour charges etc.
One of the major limiting factors in crop production is insufficient 
cash availability which restricts the farmers from applying their 
resources at the optimal level under the existing technology. It 
becomes even more restrictive when adopting the improved technology.
Cash may be used by the farmer for consumption purposes as well 
as for farming. The initial cash resource is calculated from information 
given by the farmer. He derives his cash income from the sale of a part 
of his produced crop, horticultural and livestock products, handloom and 
other home made products, hiring bullocks, portering, and other wage 
labour. In addition, he may borrow for input costs and to meet operational 
expenses. Cash expenses included all expenses incurred by the farmer 
namely - cost of inputs like seed, manure, and fertilizer, plant pro­
tection aids, depreciation on tools, revenue, depreciation on bullocks' 
value and interest on working capital. A single capital restriction with 
supply being the farmer's own cash plus cash borrowed for production 
purposes is also imposed. The farmer can borrow up to 50 percent of the 
value of the collateral offered for the loan from the Agricultural 
Development Bank.
(d) Minimum and Maximum Land Restrictions (b^ , i=m  ^+ l....m)
The farmer operates subject to the constraints of limited 
resources, but he may himself place restrictions on the minimum and 
maximum land requirement for important crop enterprises like paddy, wheat, 
mustard and pulses. Rice is the main staple food grain followed by 
maize, wheat and pulses. The farmer has to meet certain requirements 
for paddy from his farm, depending on the size and composition of his 
family. Because of the difficulties of transport and distance from large
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markets, the markets in the village are very restricted and are isolated 
by high transport costs. For this reason purchase of foods is possible 
only to a very limited extent and purchases beyond the capacity of village 
surplus production from other farms would be prohibitively expensive.
For this reason a minimum land requirement restriction has been imposed 
on two main staples, i.e. paddy and wheat, on the assumption that farmers 
must produce their home requirements so far as their resources permit.
A few farmers substitute maize and other crops for paddy 
depending upon the type of land they own. For example, millet is a 
subsistence crop, usually grown in small patches in the hills, and has 
become the staple food of the poorer hill people due to the scarcity of 
land suitable for rice growing and the restricted opportunities for cash 
earning work.
3.2.4 The Construction of the Input-Output Matrix
As mentioned in the foregoing discussion, the data used for this 
analysis come from an agricultural survey conducted in the area during 
1969-70. The data collected in the survey and the personal knowledge 
and experience of the author about the study area as well as other 
information have been used in the computation of the input-output matrix. 
These coefficients relate only to the selected farms for the cropping year 
1969-70. Some of the important activities such as horticulture and 
livestock are not included in the model due to lack of data. These data 
do not cover the changes which took place in prices and technology and 
therefore ignore considerations of risk and uncertainties. Clearly there 
is scope for improvement in the precision and dependability of input- 
output coefficients of various enterprises under farmers' conditions. 
Trials and demonstrations would need to be repeated for several years for
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the coefficients of these enterprises to be more reliable.
The input-output relationships are based on the available data 
for current and improved technology. Prices of farm produce and 
purchased inputs are used to work out net return and costs (gross value 
of output less cost of inputs like seed, manure and fertilizer, plant 
protection aids, depreciation on tools, revenue, depreciation on 
bullock's value and interest on working capital). Prices of crops 
studied are the farm gate prices for the year 1969-70, which are based 
on the information given by the selected farmers in the area. Due to 
the lack of transportation facilities, surplus grain is normally sold
*
within the village itself. When transportation facilities are available, 
the prices of these surplus crops will certainly go up, and at this stage 
the whole model could change.
3.2.5 Approach Used for Alternative Resource Use Plans
The following four alternative resource use plans, applying to 
different situations, were formulated for each of the farmers.
(a) Situation-i
Existing Technology Without Cash Borrowing 
The optimum crop plan is prepared by using existing 
technology. Cash availability is restricted to owned funds only. This 
is designed to see whether the farmer has enough of his own funds to meet 
the cash expenses involved in reallocation of land between different crop 
activities at the existing level of technology. An optimal plan was 
worked out and its input-output matrices are given in the Appendices.
(b) Situation-ii
Existing Technology With Cash Borrowing 
A borrowing possibility is introduced to Situation-i 
keeping all other assumptions the same. The solution indicates the amount
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of credit required to execute an optimum farm plan under existing 
technology. The optimum plan developed in this situation also indicates 
the adjustment in the cropping pattern and changes in farm income 
resulting from availability of credit in adequate amounts.
(c) Situation-iii
Improved Technology Without Cash Borrowing
The existing technology in Situation-i is replaced by 
improved technology with the incorporation of new crops or varieties, but 
cash availability is restricted to owned funds. The result indicates the 
effect of a complete switch over to improved technology without credit.
(d) Situation-iv
Improved Technology With Cash Borrowing
The borrowing restriction presented in Situation-iii is 
removed with everything else remaining constant. This indicates the 
joint effect of credit and improved technology on cropping pattern, 
production and income. By incrementally increasing credit, it also 
indicates the maximum amount of credit that could be profitably used under 
improved technology.
3.3 Limitations of the Analytical Model
Like other analytical models, an LP model is also limited in its 
ability to represent real world situation owing to the assumptions made, 
such as linearity, additivity, divisibility and certainty to facilitate 
computation which make the model static in nature.
In this particular LP model, an assumption is made of constant 
input-output ratios, which in turn may not exist under farm conditions. 
Besides,the assumption of fixity of farm resources may also not be realized
in the long run. This acts as a serious limitation on its future use for
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policy purposes.
A further assumption made in the model was that farm enter­
prises should be divisible into fractions in order to meet the objective 
of optimization of resource allocation. In future, however, the 
introduction of livestock enterprises or light agricultural implements 
would certainly violate this assumption, because it would not be possible 
to have these activities in fractions, which leads to a restricted use 
of the model.
Last but not least, the most serious limitation of the LP model 
is that only a limited number of activities is considered (which do not 
represent the farm enterprises in the area) because of unavailability of 
reliable and adequate data.
This chapter outlines the theoretical aspects of LP and its 
application to farm planning. The detailed methodology is discussed in 
its application to the selected farm households. Four approaches are 
used for alternative resource use plans.
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CHAPTER 4
INCREASING FARM INCOMES USING EXISTING TECHNOLOGY
This chapter presents a description of the existing situation 
of selected farm households and detailed discussion of the optimal 
solutions of LP models.
The four farm households selected could be considered as a 'modal' 
farm situation for the purpose of this analysis. Each modal farm has a 
characteristic set of activities and resources and also a characteristic 
type of input-output matrix. For each of the modal farms, the possibility 
of increasing income by reallocation of existing resources is studied.
As capital is considered a major constraint, it will be examined in depth. 
For the purpose of calculating production credit requirements, optimal 
farm plans were prepared for each of the four farms using LP models. The 
Linear Programming package used for this analysis was AGPLP on the DEC-10 
507 B7 computer.
4.1 Description of a Typical Farm Household in General
A typical hill farmer of the district lives with his family of 
about six members in a small village on terraced slopes in the lower hills. 
He is usually the owner-tiller, cultivating about 0.4 ha and owns simple 
handtools, one milking cow or buffalo and one pair of bullocks (for draft). 
Most of his land will be cultivated every year.
Not all the crops included in this study are cultivated by all 
farmers. One farmer differs from another, but maize, dry paddy, paddy 
and millet are the main crops cultivated. Intensive methods of husbandry 
are practiced, particularly in manure application and hand weeding. Women
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and children spend much of their time searching for grass and other 
fodder to feed their livestock.
Because of low investments in cash inputs, little credit is 
utilized for crop production; when it is required, the farmer borrows 
from relatives, or failing that, from moneylenders at interest rates 
of 25-50 percent per annum. In farming, after land, capital is the 
next most important constraint.
The farmer often involves himself in other activities such as 
horticulture, livestock and other business. He gets non-farm income 
mainly from labouring, portering and bartering.
The farmer's decisions are affected by many things, including 
his caste, family background, education, type of land, experience, 
knowledge and ability to take risk and uncertainty.
4.2 Salient Features of Each Farm Household
Table 4.1 shows the general salient features of each farm 
household. Further information is given below.
FARM A
The owner of this farm was one of the more progressive farmers 
in the area, practising new methods of farming by using improved seeds, 
fertilizers etc. All of his land was in use and his main concentration 
was on crop production. This farmer owned the largest farm of the four 
selected. He was following a crop rotation with a well-planned cropping 
pattern. He consumed more than 70 percent of his total production and 
sold approximately 30 percent of food grain during the year 1969-70.
He also owned a little kitchen garden with different kinds of vegetables 
and a few fruit trees.
Because there were only 2 adult members in the family, he had
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to hire outside labour during peak work periods.
This fanner was interested in the business side of fanning.
For this reason he believed he needed capital. He was planning to 
establish a rice mill in the area, which would have been a significant 
innovation as there is as yet no rice mill in the area. He had applied 
for a loan from the Agricultural Development Bank for this purpose.
Lack of capital and difficult access to markets impeded further improve­
ment in his fanning. However, he had benefited from the newly con­
structed Kathmandu - Pokhara Highway which passed close to his farm.
The other three selected farms were smaller and although not 
dissimilar in size, differed considerably in access to other resources.
This means, of course, that the input-output coefficients in the formulated 
matrix also varied from one another. Thus, it is essential to explore 
the internal frontier of each of these farms.
FARM B
This farm is typical of many terrace land farms with poor 
irrigation facilities. The land was better suited to fruit cultivation 
than crop production because of good climatic conditions and suitable 
topography. The owner concentrated on crop production because he needed 
crops for food, but the yield of these crops was not satisfactory. He 
had a few fruit trees in his orchard which were doing well. This farmer 
was interested in adding some horticulture to his farm business. He 
considered that he would be better off applying new techniques in orchard 
development including improved varieties of trees, use of fertilizer, 
timely care of plants and better storage facilities. For this purpose, 
he was in need of credit and the Agricultural Development Bank was willing 
to provide this, subject to being satisfied about his standard of
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management and the profitability of the orchard. However, there 
remain serious problems concerning the marketing of his products, because 
the main markets for fruit were far from his home and the transportation 
costs were high. His farm and home were a day's walk from the highway.
FARM C
The owner of this farm was an ex-service man and was a hard 
worker. He had undertaken military service for twelve years and was 
drawing a pension in respect of his military service; because of his past 
military service he was physically strong, and he also had an ability to 
understand things quickly. He had had some training in agriculture 
during his military service period, and was adopting new methods of farming. 
All of his family were engaged in farming. He concentrated mainly on 
crop production but he was interested in developing livestock because 
of the availability of common grazing land. There was potential for 
development in his farming because of the availability of required 
capital, as he had access to credit at preferential rates because of his 
pension.
FARM D
This farmer was trying to improve his farming and he had some 
basic knowledge and education in farming. Although farming was his 
main occupation, he was also involved in running a village shop and was 
a member of the District Panchayat. He needed to improve the profitab­
ility of his farming because of the large size of his family and the need 
to provide an education for a number of his children. He was receiving 
help in the farming and shop-keeping from members of his family.
He owned limited land but was practising new methods of 
cultivation, using improved seeds and fertilizers. All of his land was
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under use. Lack of capital and limited land were the main obstacles 
to improvement. If capital could be made available, there was some 
potential for development of his farming.
4.3 Land and Cultural Practices
All four farmers were using their land for crop cultivation, 
mainly paddy, maize, millet and dry paddy. Land varied from one plot 
to another in terms of productivity and profitability. Fertility of 
soil also varied from one plot to another. Irrigation was one of the 
main obstacles to increasing the output of different crops.
Work on the land was done by family labour, and involved no 
cash expenditure. The other inputs used in cultivation of the crops 
were seed, manure and fertilizers. The sowing and harvesting times of 
different crops were the same for each farm. Since land could be cropped 
in three seasons, Spring, Monsoon and Winter, land was classified as 
(i) Spring land, (ii) Monsoon unirrigated land, (iii) Monsoon irrigated 
land and (iv) Winter land.
During the winter season, all the land was left fallow. When 
the data was collected very little area was under winter crop and the 
cattle were grazed in the uncultivated area. There was, therefore, a 
possibility of cultivating winter crops, given the availability of labour, 
cash and alternative sources of winter feed.
4.4 Labour
Most of the work on these four farms was done by human labour. 
Farm A, with a limited number of family members, hired labour from outside 
at the peak period. The other three families, who had surplus labour, 
work for others to earn some money. Tables 4.2 (A), 4.2 (B), 4.2 (C),
and 4.2 (D) show the human labour availability for each of the farms at
TABLE 4.2(A) 59
HUMAN LABOUR AVAILABILITY ON FARM A IN PEAK PERIODS FOR DIFFERENT CROPS
Symbols Male Labour Female Labour Total Male Female Total Coefficients(days) (days) (man-days) (man-hours) (man-hours) Man-hours (man-hours)
Late February (21-30) F 8 6 14 64 48 112 4 S 3.6
Mid March (11-15) Ml 4 3 7 32 24 56 3.5
Late March (16-25) M2 10 8 18 80 64 144 5.6 & 3.4
Late May (16-30) MY 10 8 18 80 64 144 4 & 8.8
Early June ( 1-5 ) J1 4 3 7 32 24 .56 4
Mid June (11-20) J2 8 6 14 64 48 112 8
Late June (26-30) J3 8 6 14 64 48 112 7.2
Late July (21-30) JUL 8 6 14 64 48 112 3
Late September (26-30) S 4 3 7 28 21 49 3.4 & 6.3
Mid October (11-15) 01 4 3 7 28 21 49 3 & 4.2
Late October (21-30) 02 7 6 13 49 42 91 3.3
Early November ( 1-10) Nl 4 3 7 28 21 49 6.4 & 5.2
Early December ( 1-10) D1 4 3 7 28 21 49 5.4
Late December (21-30) D2 8 6 14 56 42 98 6.2
TABLE 4.2(B)
HUMAN LABOUR AVAILABILITY ON FARM B IN PEAK PERIODS FOR DIFFERENT CROPS
Symbols Male Labour Female Labour Total Male Female Total Coefficients(days) (days) (man-days) (man-hours) (man-hours) Man-hours (man-hours)
Late February (21-30) F 12 10 22 96 80 176 4
Mid March (11-15) Ml 6 5 11 48 40 88 3.5
Late March (16-25) M2 15 12 27 120 96 216 6.2 & 3.4
Late May (16-30) MY 15 12 27 120 96 216 4.6 S 8.2
Early June ( 1-5 ) ji 6 5 11 48 40 88 3.1
Mid June (11-20) J2 12 10 22 96 80 176 8.2
Late June • (26-30) J3 12 10 22 96 80 176 7.7
Late July (21-30) JUL 12 10 22 96 80 176 3
Late September (26-30) S 6 5 11 42 35 77 2.5 S 4.1
Mid October (11-15) 01 6 5 11 42 35 77 3 & 4.2
Late October (21-30) 02 ii 8 19 77 56 133 4
Early November ( 1-10) Nl 6 5 11 42 35 77 6.4 & 5.2
Early December ( 1-10) D1 6 5 11 42 35 77 5.4
TABLE 4.2(C)
HUMAN LABOUR iftVAILABILITY ON FARM C IN PEAK PERIODS FOR DIFFERENT CROPS
Peak Periods Symbols Male Labour Female Labour Total Male Female Total Coefficients(days) (days) (man-days) (man-hours) (man-hours) Man-hours (man-hours)
Late February (21-30) F 20 6 26 160 48 208 4
Mid March (11-15) Ml 10 3 13 80 24 104 3.5
Late March (16-25) M2 25 8 33 200 64 264 6.4 & 3.5
Late May (16-30) MY 25 8 33 200 64 264 4.8
Early June (’ 1-5 ) Jl 10 3 13 80 24 104 3.2
Mid June (11-20) J2 20 6 26 160 48 208 8.0
Late June (26-30) J3 20 6 26 160 48 208 8.0
Late July (21-30) JUL 20 6 26 160 48 208 2.4
Late September (26-30) S 10 3 13 70 21 91 2.4
Mid October (11-15) 01 10 3 13 70 21 91 2.8 & 4.2
Late October (21-30) 02 18 5 23 126 35 161 3.5
Early November ( 1-10) Nl 10 3 13 70 21 91 6.3 S 5.6
Early December ( 1-10) Dl 10 3 13 70 21 91 5.6
TABLE 4.2(D)
HUMAN LABOUR AVAILABILITY ON FARM D IN PEAK PERIODS FOR DIFFERENT CROPS
Symbols Male Labour Female Labour Total Male Female Total Coefficients(days) (days) (man-days) (man-hours) (man-hours) Man-hours (man-hours)
Late February (21-30) F 16 10 26 120 80 208 4
Mid March (11-15) Ml 8 5 13 64 40 104 4
Late March (16-25) M2 20 12 32 160 96 256 6.4 & 4
Late May (16-30) MY 20 12 32 160 96 256 4.8 S 8
Early June ( 1-5 ) Jl 8 5 13 64 40 104 4
Mid June (11-20) J2 16 10 26 128 80 208 8
Late June (26-30) J3 16 10 26 128 80 208 8
Late July (21-30) JUL 16 10 26 128 80 208 3.2
Late September (26-30) S 8 5 13 56 35 91 3.2 £ 4.8
Mid October (11-15) 01 8 5 13 56 35 91 2.8 £ 4.2
Late October (21-30) 02 14 8 22 98 56 154 4.2
Early November ( 1-10) Nl 8 5 13 56 35 91 5.6 £ 5
Early December ( 1-10) Dl 8 5 13 56 35 91 5
* The number of man-hours required per Matomuri for the cul'ivation process carried out in the month mentioned.
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peak periods.
All four farms had a pair of bullocks, and a few of the 
operations were carried out with the help of bullock labour. Some 
other farmers who owned the considerably larger farms had to hire a 
bullock with a man behind the plough during the peak periods. Tables 
4.3 (A), 4.3 (B), 4.3 (C) and 4.3 (D) represent the bullock labour 
availability for each of the four farms at peak periods, from their own 
resources.
4.5 Enterprise Cost and Returns
Cost and returns of various enterprises were estimated on the 
basis of information gathered from the selected farmers. The cost and 
returns estimates were made for only those enterprises which were common 
in the area. The cost of cultivation of each crop for each farm were 
computed so as to find out the net profit of each of the crops. Net 
profit was obtained by deducting variable costs from the gross returns.
Gross return was determined by directly multiplying the output of 
different crops with the unit price of each crop during the year 1969-70.
Each farm was considered as an independent entity, and its 
cost of production was determined according to the market value of all 
services and supplies used in production.
The gross margin of each crop for each farm is tabulated in 
Tables 4.4 (A), 4.4 (B), 4.4 (C) and 4.4 (D).
4.6 Family Income and Expenditure Pattern
For all of these farms, farm income in terms of cash was 
derived mainly from the sale of surplus food grains, horticultural products, 
livestock and poultry products, handloom and other home made products, 
portering and other wage labour.
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TABLE 4.3(A)
BULLOCK :LABOUR AVAILABILITY ON FARM A IN PEAK PERIODS FOR DIFFERENT CROPS
Peak Periods Symbols Bullock Available (days)
Bullock Available 
(hours)
★
Coefficients 
(Bullock-hours)
Late March (16-25) MAR 10 80 3
Late May (16-30) MY 14 112 1.2 & 3
June (11-30) JN 20 160 3 & 2.1
Early November ( 1-10) NV 10 70 3.5 & 2.1
Early December ( 1-10)' DB 10 70 2.1 & 2.1
TABLE 4.3(B)
BULLOCK LABOUR AVAILABILITY ON FARM B IN PEAK PERIODS FOR DIFFERENT CROPS
Peak Periods Symbols Bullock Available (days)
Bullock Available 
(hours)
Coefficients
(Bullock-hours)
Late March (16-25) MAR 10 80 3.5
Late May (16-30) MY 14 112 2 & 2.8
June (11-30) JN 20 160 3 & 2.5
Early November(1-10) NV 10 70 3.5 & 2.1
Early December(1-10) DB 10 70 2.1
TABLE 4.3(C)
BULLOCK LABOUR AVAILABILITY ON FARM C IN PEAK PERIODS FOR DIFFERENT CROPS
Symbols Bullock Available Bullock Available Coefficients(days) (hours) (Bullock-hours)
Late March (16-25) MAR 10 80 4
Late May (16-30) MY 14 112 3.2
June (11-30) JN 20 160 4 & 2.8
Early November ( 1-10) NVl 10 70 3.5 & 2.1
Early December ( 1-10) D1 10 70 2.1
TABLE 4.3(D)
BULLOCK LABOUR AVAILABILITY ON FARM D IN PEAK PERIODS FOR DIFFERENT CROPS
Peak Periods Symbols Bullock Available (days)
Bullock Available 
(hours)
Coefficients
(Bullock-hours)
Late March (16-25) MAR 10 80 4
Late May (16-30) MY 14 112 3.2 & 3
June (11-30) JN 20 160 4 & 2.8
Early November ( 1-10) NVi 10 70 3.5 & 2.1
Early December ( 1-10) Dl 10 70 2.1
* The number of Bullock-hours required per Matomuri for the cultivation processes carried out in the month 
mentioned.
TABLE 4.4(A)
GROSS MARGIN OF EACH CROP OF FARM A
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Area Production Yield Farmgate Gross Return Variable Cost Payment for Gross 
Crops (Matomuri) (Kg) (Kg/Matomuri) Price (Rs/MM) of Inputs Hired Labour Margin
(Rs/Kg) (Rs/MM) (Rs) (Rs/MM)
Maize (Local) 8 190 23.75 1.10 26.16 5. CO 44.00 21.16
Paddy (Improved) 39 1000 25.64 1.50 38.46 12.52 248.73 25.94
Dry Paddy (Local) 8 150 13.75 1.35 25.31 6.34 83.00 18.97
Millet (Local) 16 400 25.00 1.10 27.50 3.66 23.84
Wheat (Local) 78 933 11.96 1.51 18.06 5.49 . 12.57
Mustard (Local) 78 1120 14.36 2.55 36.62 3.75 32.87
Pulses (Black Gram) 78 395 5.06 1.80 9.11 3.26 5.85
Sesame (Local) 78 350 4.50 3.25 14.66 3.50 11.16
TABLE 4.4(B)
GROSS MARGIN OF EACH CROP OF FARM B
Area Production Yield Farmgate Gross Return Variable Cost Gross Margin
Crops (Matomuri) (Kg) (Kg/Matomuri) Price (Rs/MM) of Inputs (Rs/MM)
(Rs/Kg) (Rs/MM)
Maize (Local) 4 105 26.25 1.10 28.88 7.08 21.80
Paddy (Improved) 10 270 27.00 1.50 40.50 15.05 25.45
Dry Paddy (Local) 1 21 21.00 1.35 28. 35 7.95 20.40
Millet (Local) 4 92 23.00 1.10 25.30 4.59 20.71
Wheat (Local) 78 933 11.96 1.51 18.06 5.49 12.57
Mustard (Local) 78 1120 14.36 2.55 36.62 3.75 32.87
Pulses (Black Gram) 78 395 5.06 1.80 9.11 3.26 5.85
TABLE 4.4(C)
GROSS MARGIN OF EACH CROP OF FARM C
Crops
Area
(Matomuri)
Production
(kg)
Yield
(Kg/Matomuri)
Farmgate
Price
(Rs/Kg)
Gross Return 
(Rs/MM)
Variable Cost 
of Inputs 
(Rs/MM)
Gross
Margin
(Rs/MM)
Maize (Local) 6 150 25.00 1.10 27.50 4.20 23.30
Paddy (Improved) 12 312 26.00 1.50 39.00 12.33 26.67
Millet (Local) 4 108 27.00 1.10 29.70 4.97 24.73
Wheat (Local) 78 933 11.96 1.51 18.06 5.49 12.57
Mustard (Local) 78 1120 14.36 2.55 36.62 3.75 32.87
Pulses (Black Gram) 78 395 5.06 1.80 9.11 3.26 5.85
TABLE 4.4(D)
GROSS MARGIN OF EACH CROP OF FARM D
Crops
Area
(Matomuri)
Production
(Kg)
Yield
(Kg/Matomuri)
Farmgate
Price
(Rs/Kg)
Gross Return 
(Rs/MM)
Variable Cost 
of Inputs 
(Rs/MM)
Gross Margin 
(Rs/MM)
Maize (Local) 3 84 28.00 1.10 30.80 4.50 26.30
Paddy (Improved) 7 205 29.30 1.50 43.95 12.46 31.49
Dry Paddy (Local) 3 60 20.00 1.35 27.00 6.25 20.75
Millet (Local) 6 130 21.67 1.10 23.84 3.20 20.64
Wheat (Local) - 78 933 11.96 1.51 18.06 5.49 12.57
Mustard (Local) 78 1120 14.36 2.55 36.62 3.75 32.87
Pulses (Black Gram) 78 395 5.06 1.80 9.11 3.26 5.85
The family spent the greatest amount of money for purchasing 
food. Other important items of expenditure were clothing, footwear, 
education, religious and social ceremonies, entertainment, travelling 
and personal expenses. All of these pieces of information were gathered 
from each farm to determine the total family income for that year. The 
total income for 1969-70 which was determined for each farm is shown in 
Table 4.5.
4.7 Agricultural Credit
As mentioned above, working capital was the main constraint on 
farming improvement for each of the farms. Each of these farmers was 
interested in buying livestock and making permanent improvements to his 
farm, such as land levelling, irrigation and fencing. However, they 
lacked capital and were unable to borrow. The farmer could make these 
improvements only if he could obtain the necessary capital from some 
source. The new varieties of crops demonstrated in the area by the 
GAADP had shown a great potentiality for increasing yield, but to use 
them, an adequate amount of credit was essential. The Agricultural 
Development Bank and the Co-operative Societies were willing to provide 
credit to farmers, but before they extended credit facilities, they would 
require basic information about the potential credit needs in the area.
A few farmers (such as B and D) were already borrowing from their 
relatives and friends for their daily consumption and for farm operations.
4.8 Decision-Making
Every community has its distinctive characteristics in attitudes, 
values, beliefs, aspirations, norms, customs etc. Characteristics of 
commonalty and distinctiveness vary between the communities. So, it is 
essential to know how the people of a particular community live, interact,
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think and behave in order to make a programme of planned social change 
an effective one. For that, we need to understand the farmer's 
behaviour, caste, family background, education, type of land, experience, 
knowledge, ability to take risks and tolerate uncertainty. Decision­
making in farming is mainly based on this background.
The four selected farmers differed in terms of caste, education, 
type of land, experience, knowledge, ability to take risks and tolerate 
uncertainty. Their decisions differed greatly from one another. For 
example, the owner of Farm A was a progressive farmer with a good 
educational background. He belonged to one of the Kshetriya's Caste of 
Nepal. This man had a very high level of aspiration, wanting to give 
higher education to his children. As he was the head of the household, 
he himself was the decision-maker and his wife was his first advisor in
I
all matters, such as agriculture, religion, and domestic, social, 
political and economic matters.
This farmer did not have to worry about risks arising from 
natural factors such as unfavourable weather (namely insufficient rain 
or badly distributed rainfall leading to drought), as this particular 
farm had irrigation. He selected his main crops and crop rotation 
system on the basis of the type of land, fertility of soil and past 
experience as well as taste and habits and the market demand.
Most of this applies also to the decision-making of the other 
three farmers except for a few matters deriving from differences in 
caste, educational background, taste and attitude toward risk. Decision­
making is certainly a difficult task for any farmer. The main objective 
has been to cover a certain acreage with traditional crops. In doing 
this, traditional taboos, norms and beliefs are important criteria in
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any decision-making for these farmers.
4.9 Optimal Solutions for Existing Situations
We have discussed above the existing situations on the 
selected farms. This section examines the optimal solutions of LP 
models in the existing situations (Situation-i and ii). Matters 
examined include optimal cropping patterns, resource use patterns, 
cropping intensity, total gross margins, credit requirements, marginal 
value products and marginal opportunity costs of optimal plans.
4.9.1 Optimal Cropping Pattern
The areas under different crops on the four farms under existing 
and optimal plans are presented in Table 4.6. The cropping patterns are 
quite diversified, involving selected crops which compete among them­
selves for area and for other farm resources. The cropping pattern 
varies from Situation-i to Situation-ii, from that of the existing 
situation of each farm.
(a) Situation-i (Existing Technology Without Cash Borrowing)
To explore the possibilities for increasing farm income through 
simple reallocation of resources among different crop activities at the 
existing level of technology, the optimal crop plan is worked out.
With this solution, the area under maize is increased from 8 
Matomuri (MM) under the existing situation to 25.71 MM on Farm A. A 67 
percent increase was indicated on Farm C, with a slight increase in area 
on Farm D, whereas on Farm B, the area declines by 2 MM. This shows that 
the inclusion of maize in optimal plans for each farm in this situation is 
due to the high value of the crop. A minimum requirement restriction for 
paddy'*' was imposed under each of the plans but as the irrigated land
1 Minimum area requirement under paddy = (Number of family members X Paddy
requirement per day x 365)f 
Yield of paddy per Matomuri
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available for paddy on Farms B, C and D was well below the minimum, the 
restriction was effective only on Farm A. This restriction is to ensure 
that sufficient paddy is available for family consumption. In the case 
of Farm A, this restriction is 30 MM of paddy. The growing of 
additional areas of paddy above the minimum needed for family living 
would therefore be for sale for cash and should compete with alternative 
cash earning crops. The optimal solution shows only the minimum area 
(30 MM) in paddy indicating that present practice of growing 39 MM is 
not optimal and that resources used in growing the additional 9 MM of 
paddy would return a higher profit when used in growing maize and millet. 
The restriction was imposed only for irrigated paddy because dry paddy 
cannot grow on the same land and it is less profitable and a low value 
crop.
The results indicate that there would be no area under dry 
paddy in optimal plans; dry paddy is replaced by millet. This is because 
millet requires less labour and less capital for cultivation. Millet 
has appeared in all the plans.
(b) Situation-ii (Existing Technology With Cash Borrowing)
The cropping pattern under this set of optimal plans is also 
found to be different from the patterns prevailing in the "existing" 
situation. The special feature of Situation-ii is the introduction of 
cash borrowing, keeping all other assumptions the same as in Situation-i.
In this optimal plan, the area under maize is increased from 
8 MM under the existing situation to almost 27 MM on Farm A. In Farms 
B and C, the maize areas are increased by 125 percent and 67 percent 
respectively. In Farm D, the area is increased from 3 MM to 12 MM.
Maize is the only crop cultivated in the spring season. Once again dry
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paddy does not appear in any of the optimal plans except in Farm A where 
the area under dry paddy is reduced from 8 MM to 5 MM. The area under 
millet is increased in all optimal plans except in Farm C in Situation-i.
As regards cropping intensity,^" the overall increase on the 
selected farms works out to be about 109 percent in Situation-i and 147 
percent in Situation-ii. Among the farms, it is highest (163 percent) 
on Farm D in Situation-ii and lowest (104 percent) on Farm A in Situation-i. 
Table 4.6 shows the tendency for cropping intensity to be less on the 
larger holdings. For example, Farm A has less cropping intensity under 
existing situations than the rest of the farms. The reason for this 
may be a lower man/land ratio in Farm A and poor management of the farm 
in comparison with the other farms.
4.9.2 Resource Use Pattern
We can see from Table 4.7 that various farm resources are not 
fully utilized. For instance, of the total land available during spring 
and monsoon seasons, 4 Matomuri (MM) of spring land and 14 MM of unirrigable 
monsoon land are unutilized in Situation-i on Farm A, whereas in Situation-ii, 
5 MM of spring land is unutilized. Irrigable monsoon land is also fully 
utilized.
On Farm B, the land in the monsoon season is fully utilized 
under both situations, whereas only about one-fourth of spring land is 
used during the spring season in Situation-i.
On Farm C, the land in the spring and monsoon (irrigated) seasons 
is fully utilized in Situation-i and ii, whereas only one-tenth of un­
irrigable monsoon land is used in Situation-i.
1 The cropping intensity is calculated using the formula:
Cropping intensity = Total cropped area
Total cultivated area
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On Farm D, the land in the monsoon season is fully utilized 
under both situations, whereas only about one-fourth of spring land is 
used during the spring season in Situation-i.
In most of these cases, under-utilization is relatively greater 
in the case of unirrigable land, due primarily to its lower productivity. 
The highest utilization of land is on small farms, namely Farms B, C and 
D. Thus small holdings make relatively better use of land resources 
than the large holdings because of limited land and sufficient labour.
An examination of the utilization of permanent human labour 
shows that during the two peak periods, mid June and mid October, the 
highest proportion of human labour is utilized in both situations of 
Farm A. However, Farm A has only two adult members; the labour avail­
ability for this farm's operations is not enough. Thus the results 
show that the labour requirement exceeds supply by about 96 percent, on 
average, the available labour at different peak periods namely early June, 
mid June, late June, late September, mid October, and late October in 
Situation-i and in late March, late May, June (the whole month), late 
September, mid October, and late October, by about 115 percent, on average, 
in Situation-ii. They show that the labour requirement in Situation-ii 
is higher than in Situation-i. They also indicate that a large farm 
with a limited number of family members faces the problem of labour 
scarcity at peak periods. Labour can be hired from outside if credit is 
available.
On Farms B, C and D, the labour utilization is less than the 
available labour resource. We can clearly see that the smallholders have 
got surplus labour which can be diverted to off-farm business, if some
employment opportunities are created for them.
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Bullock labour is surplus on all farms. Thus, a pair of 
bullocks seems to be sufficient for farm operations. However, when we 
consider larger holdings than these selected farms, this probably may 
not be true. Larger farms have to hire bullock labour from outside so 
as to meet the scarcity at peak periods. The hiring out of bullock 
labour is not taken into account in the model.
As regards the utilization of cash, in Situation-i all owned 
cash is utilized, whereas in Situation-ii the farmers have to borrow 
about Rs 400, Rs 50, Rs 45 and Rs 40 in addition to the owned cash on 
Farms A, B, C and D respectively as shown in Table 4.7. This shows that 
the large farmer needs more cash to operate his farm than the small farmer.
Under existing technology, production credit required per 
Matomuri to achieve the most profitable farm plan for each farm is com­
puted by dividing the total credit borrowed by the net cropped area.
This is presented in Table 4.5 which shows that the credit requirements 
per MM for Farms A, B, C and D are Rs 4.28, Rs 1.76, Rs 1.40 and Rs 1.28 
respectively in Situation-ii. The credit requirement for Farm A is 
higher than that for the other farms because of the larger size of the 
holding. The pattern of credit needs indicates that as the size of the 
farm decreases, the credit requirement also decreases.
4.9.3 Total Gross Margin (TGM)
Table 4.8 shows total gross margin (TGM)^ under existing and 
optimum situations, percent increase in TGM, total credit requirements 
and per Matomuri credit requirements on all the farms. Table 4.9 shows 
the TGM of each farm under existing situations.
1 The total gross margin is defined as total returns less variable cost 
components like seeds, fertilizers, hired human labour, bullock labour, 
plant protection aids, depreciation on tools etc.
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Situation-i
The TGM is increased by 30, 8, 3 and 14 percent over the 
existing situation on Farms A, B, C and D respectively. An increase in 
income of 13 percent obtained by linear programming can hardly be con­
sidered economically significant, considering weather conditions and other 
uncertainties (Shukla 1971). Thus the results obtained under Situation-i in this 
study, showing an average increase overall of about 13 percent, are 
hardly of economic significance. They suggest that the selected farms 
on average are operating and allocating their resources close to the 
optimum at the existing situation. Those findings are supported by the 
Agricultural credit survey conducted by the Nepal Rastra Bank, which 
indicates that the farmers in the Hills, even at the existing technology, 
are operating at almost optimum levels. This is mainly due to the 
limited scope for taking up various alternative crops in the available 
land area (Nepal Rastra Bank 1972/ p.210^.
Apart from this, there are some socio-economic and institutional 
problems in the area which discourage farmers' initiative and efficiency.
These are, in particular, the traditional methods of cultivation, 
ignorance, poverty, predominance of small and fragmented holdings, 
dependence on rainfall and lack of proper storage, marketing and trans­
portation facilities. In addition, the supply of inputs is also not 
adequate. This restricts the implementation of various recommendations 
made to improve agriculture in the Hill area.
Situation-ii
Under this optimal plan when cash borrowing is allowed a sub-
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stantial further increase in TGM is achieved. The increases in TGM are 
found to be 59, 41, 42 and 61 percent respectively on Farms A, B, C and 
D, showing an average increase of 51 percent. This shows that by making 
credit available the existing cropping pattern can be changed, in ways 
that will raise the farmers' income. All four farms achieve substantially 
higher TGM with the addition of quite small amounts of credit. The 
credit requirements for Farms A, Bf C and D were Rs 399, Rs 49, Rs 45, and 
Rs 40 respectively,amounting to Rs 4.28, Rs 1.76, Rs 1.40 and Rs 1.28 
per Matomuri.
4.9.4 Marginal Value Product (MVP)
The computed values of the MVPs^ of land, labour, capital and 
credit are presented in Table 4.10 for comparative study. The MVPs of 
the available resources show the relative scarcity of the resources con­
cerned. The most binding constraints are identified by the higher MVPs.
A positive value for the MVP represents the increased value of the 
objective function when one unit of the resource is added. The economic 
interpretation of these MVPs is discussed below.
On Farm A, the MVPs of spring, unirrigable monsoon and irrigable 
monsoon land are zero in Situation-i, which indicates that there is 
surplus land. By contrast, the MVP for spring land is Rs 10.76 and for 
unirrigable monsoon land is Rs 6.64 in Situation-ii, which shows that 
there is a possible increase of Rs 10.76 in TGM with an additional 
Matomuri (MM) of spring land and Rs 6.64 with an additional MM of un­
irrigable monsoon land. The spring land is a very important resource for 
Farm A because of its high MVP in Situation-ii.
1 Marginal Value Product (MVP) measures the amount by which the total
gross margin (TGM) would rise if one more unit of the resource were used.
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On Farms B and C, the positive MVPs for spring land show that 
there is a possible increase of Rs 6.57 in TGM with an additional MM of 
spring land on Farm B and Rs 2.40 with an additional MM on Farm C in 
Situation-i. On Farm D, the MVP for unirrigable monsoon land is Rs 1.94 
indicating the possibility of increasing TGM by Rs 1.94 with an 
additional MM of unirrigable monsoon land in Situation-i. The MVPs for 
the remaining land are zero, indicating surplus land.
On Farms B and D, in Situation-ii, the irrigable monsoon land 
has higher MVP values (i.e., Rs 23.94 and Rs 30.24) than the spring and 
unirrigable monsoon lands (i.e., Rs 21.10, Rs 25.85, Rs 20.25 and Rs 20.32 
respectively). This reveals the importance of irrigable monsoon land. 
However, on Farm C irrigable monsoon land follows the unirrigable monsoon 
land and spring land comes next. It appears that if extra irrigable 
monsoon land is made available - an unlikely possibility - the TGM can be 
increased remarkably.
On Farms B, C and D, the MVPs of irrigable land have a high 
value in Situation-ii, showing its great importance as a land resource.
This is mainly because irrigated land is the most productive and it is 
the means of producing paddy - the major food grain item.
Regarding human labour, the MVPs of late May (MY), late June (J3) 
and early November (Nl) are zero, on Farm A in Situation-i which shows 
surplus labour, whereas in the rest of the peak periods, labour is a 
scarce farm resource. Excess demand for labour during these peak 
periods is met by hiring casual labour. The MVP of labour in late March 
(M2) is Rs 0.73 per hour, whilst the labour cost is Rs 0.62 which gives 
only a very small increase in TGM. The four peak periods for labour 
early June (Jl), mid June (J2), late July (JUL) and late September (S)
79
have equal MVPs, (i.e., Rs 1.33), which shows that, with the hiring of 
one additional unit of human labour in these periods, an increase of 
Rs 1.33 in TGM may be achieved. The higher MVPs of mid October (01) and 
late October (02) labour (that is Rs 1.52) indicate the relative 
importance of labour in these peak periods resulting from the coincidence 
of harvesting operations for millet and paddy.
On Farm A, in Situation-ii, the MVPs for mid October (01) and 
late October (02) are higher than that for other peak periods, whilst late 
July (JUL) and early Nov.(Nl) show zero value. The higher values of MVP 
in mid and late October show the greater importance of labour in these 
peak periods relative to the rest of the periods.
On the rest of the farms, namely B, C and D, the MVPs for human 
labour as well as bullock labour do not appear because of an excess supply 
of labour.
The MVP of owned cash varies from one farm to another in both 
the situations. On Farm A, in Situation-i, the MVP is Rs 2.15 which 
indicates that an additional Rupee would bring a return of Rs 2.15 in TGM. 
The MVPs of Farms B, C and D, in Situation-i are Rs 3.08, Rs 4.98 and 
Rs 5.84 respectively.
When credit is allowed for each farm in Situation-ii, the 
resulting MVP value drops to the interest rate on borrowed capital, i.e., 
0.10 for all farms.
The magnitude of the MVP of cash measures the degree of in­
adequacy of working capital. The higher the MVP, the greater the in­
adequacy of capital - indicating a greater scope for capital investment.
In this study, the magnitude of MVP also suggests that the small farmers 
may suffer more from inadequacy of capital than the large farmers.
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4.9.5 Marginal Opportunity Cost (MQC)
The computed values of MOC1 of different crop activities are 
presented in Table 4.11. A high MOC of a unit of an excluded crop 
means a high reduction of the objective function if a unit of that crop 
is forced into the plan. The economic interpretation of computed MOCs 
is discussed below.
TABLE 4.11
MARGINAL OPPORTUNITY COSTS OF EACH FARM 
UNDER OPTIMAL SITUATIONS - i and ii
(in Rs)
Activities Code
Optimal Plans
Farm A Farm B Farm C Farm D
Sit-i Sit-ii Sit-i Sit-ii Sit-i Sit-ii Sit-i Sti-ii
I Crops (MM) 
(1) Dry Paddy 3.02 10.66 21.75 17.72 26.05
The MOC values of dry paddy in Situation-i indicate that if
an additional MM of dry paddy is forced into the plan, then the TGM will 
decrease by Rs 3.02, Rs 10.66 and Rs 17.72 on Farms A, B and D respect­
ively. On Farms B and D, the MOC values for dry paddy in Situation-ii 
are higher than in Situation-i, which indicates that dry paddy has become 
a highly unprofitable crop. This is due to the fact that maize cultivation 
which is profitable in the spring season, but which requires a greater 
amount of cash, has been extended by up to 350 percent using all credit 
availability and leaving no cash available for dry paddy in the monsoon 
season.
In this chapter, various alternative optimal plans under 
existing situations have been discussed for all the farms, keeping in mind 
the improvements in cropping pattern and resource use within the existing 
situation.
1 Marginal Opportunity Cost (MOC) is the amount by which the TGM from the 
optimal plan would decrease if one unit of the excluded crop is forced 
into the plan.
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CHAPTER 5
EXPLORING PRODUCTION POSSIBILITIES 
USING IMPROVED TECHNOLOGY
In the previous chapter, we discussed the optimal solutions of 
LP models under existing technology. This chapter deals with the LP 
results for the selected farms assuming improved technology^ and also 
presents the results of parametric programming examining the impact of 
credit availability.
5.1 Optimal Cropping Pattern
Under improved technology, four winter crops are incorporated 
into the plans. They are wheat, mustard, pulses (blackgram) and sesame 
(sesame only on Farm A). Sesame is included only on Farm A due to the 
fact that Farm A owns the largest farm and, in terms of marginal prof­
itability, it is a less profitable crop. The optimal solutions obtained 
in this analysis suggest significant differences in the cropping pattern 
from that indicated under the old technology. Table 5.1 shows the area 
under different crops and cropping intensity on each of the farms under 
improved technology, covering Situation-iii and iv.
(a) Situation-iii (Improved Technology Without Cash Borrowing)
On Farm A, the area under maize is increased from 8MM under the 
existing situation to 14MM. On Farms B and D, maize does not appear, 
whereas on Farm C there is a drastic reduction in the area under maize.
With the introduction of winter crops which are economically more profitable, 
a shift in area is observed from maize to mustard.
1 Defined on p.40
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The minimum requirement restriction on paddy was imposed in each 
of the plans, because the cultivation of paddy has an important place in 
supporting the habitual basic food of the farmers. Due to this fact, 
paddy covers the minimum requirement area on all the farms in optimal 
solutions.
In the optimal cropping patterns discussed in Chapter 4, the 
areas under dry paddy were all replaced by millet. The same trend is 
found here in Situation-iii and iv. The area covered by millet on Farms A, 
B and D is 14MM, 6MM and 8MM respectively which shows an increase in the 
area under millet of 55 percent on Farm B and 33 percent on Farm C but a 
reduction of 2MM on Farm A.
During the survey period, wheat as a winter crop was new to the 
area. The minimum requirement restriction was imposed for wheat in each 
of the plans, partly for the reasons already outlined on page 23 and 
partly because farmers would be reluctant to cultivate a new crop. Wheat
is present in all the plans only at the prescribed minimum level because 
it is (at village prices) a relatively less profitable crop compared with 
mustard. As with paddy, shortages, or changes in access costs to main 
markets, could change this by affecting price levels.
Maximum requirement restrictions were also imposed for mustard 
and pulses in the plans. Without this restriction, all the winter land 
would be covered by these crops alone. It would be inadvisable to grow 
mustard on such a large area for the first time because of the high risks 
involved from insect and pest attacks and the lack of marketing facilities. 
In subsequent cultivation, these risks will be reduced so that this 
restriction may be removed. The area covered by mustard is highest among 
the winter crops due to its high profitability. Pulses, being relatively
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less profitable, did not appear in any of the farm plans except in those 
for Farm A where the area under pulses is 5MM.
In the existing situation, the farmers were leaving the land 
fallow during the winter season. It is now becoming possible to 
cultivate under this situation. The results show the use of winter land 
as 20MM, 7MM, 10MM and 7MM on Farms A, B, C and D respectively.
(b) Situation-iv (Improved Technology With Cash Borrowing)
The important feature of this situation is the introduction of 
cash borrowing, keeping all other assumptions the same as in Situation-iii. 
This situation is designed to observe the joint effect of credit and 
improved technology on cropping patterns.
The cropping pattern in this situation is also found markedly 
changed from those in the existing situation and Situation-iii.
The optimal solutions obtained for this situation provide for a 
greater utilization of land than in the other situations discussed so far. 
The area under maize is increased from 8MM under the existing situation to 
27MM on Farm A. An increase of 125% in the area under maize is indicated 
for Farm B whereas on Farm C, the increase in area would only be 67 percent. 
On Farm D, the area increased from 3MM to 12MM, or by about 300 percent.
This increase in the area under maize in each optimal plan for each farm 
is due to the relative profitability of the crop.
The area under paddy is held the same as that of Situation-iii.
So far as crop intensities are concerned, the averages over the 
four farms in Situation-i, ii, iii and iv are 109, 145, 111 and 193 percent 
respectively. The cropping intensities in Situation-iii are 110, 120, 101 
and 113 percent on Farms A, B, C and D respectively. In Situation-iv,
cropping intensities are 169, 207, 197 and 201 percent on Farms A, B, C and
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D respectively. In Situation-ii and iv, due to the availability of 
credit, more land is used under different crops resulting in higher crop 
intensities in both situations.
5.2 Resource Use Pattern
Table 5.2 shows the various farm resources available and their 
utilization under improved technology.
So far as utilization of land is concerned, 18MM of spring land 
and 18MM of unirrigable monsoon land are left uncultivated and about one- 
fourth of winter land is used in Situation-iii on Farm A. Irrigable 
monsoon land is fully utilized except on Farm A for reasons already dis­
cussed. In Situation-iv, only 5MM of spring land are unutilized and 
almost all of the irrigable and unirrigable monsoon land is utilized on 
Farm A. Winter cultivation is increased by 12 MM in this situation over 
Situation-iii.
On Farm B, the spring land in Situation-iii is all unutilized 
whereas it is fully utilized in Situation-iv. Only two-thirds of un­
irrigable monsoon land is used in Situation-iii, whereas it is fully used 
in Situation-iv. The irrigable monsoon land is fully utilized in both 
situations. 13MM and 8MM of winter land are left in Situations-iii and 
iv respectively.
On Farm C, the utilization of spring land in Situation-iii is 
negligible, whereas the spring land is fully utilized in Situation-iv. 
Irrigable and unirrigable monsoon land are also fully utilized in Situation- 
iv. About one-third of winter land appears to be fully utilized in both 
situations.
On Farm D, the spring land is unutilized in Situation-iii, though
*it is fully utilized in Situation-iv. Only two-thirds of the unirrigable
TA
BL
E
86
M tn 
3 u  
0 3■as
►a i
^  o  
u  o
O *H
fH
H 3 
3 X>CQ ^
■H
>
(U
■H
•H
fO
'3>
<
o
u 81
5 o
IT)
CT» s
CN rH rH
D
o O o O
rH
>
o o o o
2
2 s § s s
«H 1— 1 rH rH
1 CN CN CN CN
rH rH rH 1— 1
M
AR § § § §
Q
00
cr> i
1 1
r—I o
0? s
rH <T>H1 3 £
CN 0^
CO
CO LD
o rH •H rH
'— 1 CT> r-
5? S
Cfi
O»H1
r-
£ £
jj CN CD O o
*3) rH rH CN CN
rn
11
2
17
6
20
8
20
8
<N 11
2
17
6
20
8 o
CN
rH CDin CDCO _g O
rH rH
>-« 'sT
CD vD 'X)m
2 rH CN CN CN
CN
cD
vD
I D  
ln
2 rH CN CN <N
rH CDin 0000 o O
rH rH
Cm
CN vD g _ o
rH rH CN CN
3 rH
H
CN
CN 2
§ (7>CO o CN
*
rH
1
CN
CO
er» o CN
0
tCO co
CN
CO
( T \ o CN
w
0
s3
5 Ex
is
ti
n
g
• -- =
w
TJ < oa u Q
rH
1w artfI n BrtfI n
e
3
Cm
e
3
Cm
1 >5 3
o S
o
s
3s
■3e
4J
o
T3
O'
c
S
•H
W
<U
T3
m
4
0
0
1
0
3
8
6
7
0
3
5
8
2
.3
6
CD CD
1
0
0
.3
5
1
7
5
.4
0
5
3
5
3
1 1
1
s
s
rH
1
2
8
1
2
8
1
5
0
.6
6
1
2
2
.3
3
2
0
3
2
.4
0
■
in
iD
1
1
.3
2
i
1
0
1
1
.3
0
1
m
ID 7
.1
2
3
9
3
0
3
0
1
0
1
0
1
0
1
2
1
2
1
2 r^* r -
2
4
1
4
.1
3
32 m
6
.2
1 er« i
1
0 Oc 00
1
2
CD
1
4
2
6
.6
7
1 <T> CD
0
.2
0
1
0 ro ' 1
2
E
x
i
s
t
.S
it
n
.
S
i
t
u
a
t
i
o
n
-
i
i
i
S
it
u
a
ti
o
n
-
iv
E
x
i
s
t
.S
i
t
n
.
S
i
t
u
a
t
i
o
n
-
i
i
i
S
it
u
a
ti
o
n
-
iv
E
x
is
t.
S
it
n
.
S
i
t
u
a
t
i
o
n
-
i
i
i
S
it
u
a
ti
o
n
-
iv
E
x
is
t.
S
it
n
.
S
i
t
u
a
t
i
o
n
-
i
i
i
S
it
u
a
ti
o
n
-
iv
S
ym
b
ol
s 
r
e
fe
r
 
th
e 
m
a
tr
ic
es
 
in
 A
pp
en
<
07
monsoon land is utilized in Situation-iii while full utilization is 
observed in Situation-iv. Irrigable monsoon land is fully used and 
also approximately one-third of winter land is used in both situations.
The highest utilization of land is in Situation-iv on all the 
farms. Irrigable monsoon land is fully utilized on all the farms except 
Farm A, showing its importance for the cultivation of paddy. Although 
winter land was fallow in the original situation, it can be highly 
utilized by the introduction of winter crops. Thus it is observed that 
winter land can be made usable by incorporating winter crops in the farm 
plan.
The utilization of human labour is highest during mid June and 
mid October in both the situations on Farm A. The results show that, on 
average, the family labour requirement exceeds supply by about 101 per­
cent in Situation-iii in different peak periods namely mid June, Late 
September, mid October, late October and early November, whereas in 
Situation-iv, the family labour requirement exceeds supply by 123 percent 
in different periods: late March, early June, mid June, late June, late
September, mid October, late October and early November. This shows that 
the labour requirement is higher in Situation-iv than the Situation-iii 
because of greater cash availability.
Even with the introduction of winter crops, labour utilization 
is less than the available labour resource on Farms B, C and D. Thus the 
surplus labour on these farms could be diverted to some off-farm wage 
labour. Because of lack of information, off-farm income for each farm is 
not taken into account in this study.
Bullock labour is surplus on all the farms in both the situations 
just as it is in Situation-i and ii.
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All owned cash is utilized in Situation-iii. In Situation-iv,
it is observed that credit of about Rs.400, Rs.103, Rs.98 and Rs.70 on 
Farms B, C and C is needed in addition to the family owned cash to achieve 
maximum possible income. The credit available for each farm was limited 
by the constraint imposed by the Bank rule already described. The borrowed 
cash is more than double that in Situation-ii on Farms B and C. The amount 
of cash borrowed on Farm A is almost the same as under Situation-ii, whereas 
on Farm D, it is Rs.30 more than in Situation-ii. On this basis, the credit 
requirements per Matomuri for Farms A, B, C and D are calculated as Rs.3.30, 
Rs.2.62, Rs.2.28 and Rs.1.84 respectively. Here also the credit require­
ment for Farm A is higher than that for other farms, which suggest that as 
the size of the farm decreases, the credit requirements per MM may also 
decrease.
5.3 Total Gross Margin (TGM)
Table 5.3 shows the total gross margin (TGM) under existing and 
optimum situations, percentage change in TGM, annual credit requirements 
and credit requirements per Matomuri on all the farms.
Situation-iii
In this situation increases in TGM of 36, 26 and 18 percent over 
the existing situations on Farms A, B, and D respectively are observed, 
while TGM declined by 1 percent over the existing situation on Farm C.
The decrease in TGM on Farm C is due to the imposition of the minimum 
requirement restriction in two main crops (i.e., paddy and wheat). Capital 
availability per MM on Farm C is less than that of Farm B. This resulted 
in an unfeasible plan for Farm C.
Situation-iv
A substantial increase in TGM is observed under this plan, when
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cash borrowing is allowed. The increases in TGM over the existing 
situation are 95, 94, 86 and 100 percent on Farms A, B, C and D respectively. 
This averages about 94 percent, which proves that with the availability of 
credit, farm income can be substantially increased. The Situation-iv 
plan is the best among all the alternative plans tested.
5.4 Marginal Value Product (MVP)^
The marginal value products of the scarce resources for each 
farm under optimal Situations-iii and iv are presented in Table 5.4. The 
economic interpretation of these MVPs is discussed below.
The MVP for spring land in Situation-iv is Rs.9.93 for Farm A 
which shows that there would be a possible increase of Rs.9.93 in TGM if 
an additional MM of spring land could be added.
On Farm B, in Situation-iii, there would be a possible increase 
of Rs.6.57 in TGM with an additional MM of unirrigable monsoon land whereas 
in Situation-iv, the MVP for spring land would be only Rs.5.60. For 
unirrigable monsoon land it would be Rs.10.20.
It is observed that on Farm C, in Situation-iv, the MVPs of 
spring land and unirrigable monsoon land would be almost the same - i.e., 
Rs.13.68 and Rs.13.35 respectively. On Farm D, in Situation-iv, there 
would be a possible increase of Rs.16 in TGM with an additional MM of 
spring land. The possibility of increasing TGM by Rs.13.31 and Rs.2.96 
exists with additional cultivation of unirrigable monsoon and irrigable 
monsoon land respectively.
The MVPs of the rest of the land in both situations are zero, 
indicating a surplus.
1 Defined on p.76
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The MVPs of spring land have high values in Situation-iv on 
Farms C and D. This shows the importance of spring land as a scarce 
resource.
On Farm A in Situation-iii, the MVP of hired labour in early 
June (Jl) is Rs.0.80 which indicates that the hiring of one additional 
unit of human labour in this period will increase the TGM by Rs.0.80.
The two peak periods, mid June (J2) and late September (S), have equal 
MVPs (Rs.2.10) which shows that, with the hiring of one additional unit 
of human labour in these periods, an increase of Rs.2.10 in TGM may be 
achieved. In peak periods (mid October (01), late October (02) and early 
November (Nl)) an increase of Rs.2.40 in TGM may be observed.
On Farm A in Situation-iv, in peak periods (late March (M2), 
early June (Jl), mid June (J2), late June (J3) and late September (S)) the 
hiring of additional labour resources creates equal MVPs (Rs.0.78). For 
mid October (01), late October (02) and early November (Nl) periods, the 
MVP is Rs.0.89, which shows the relatively lower significance of hiring 
labour in Situation-iv on Farm A. In the rest of the periods, the MVPs 
for human labour are zero, which shows surplus labour.
As in Situation-i and ii, the MVPs for human labour as well as 
bullock labour do not appear on Farms B, C and D, because of an excess 
supply of family labour.
MVPs of owned cash vary from one farm to another in both 
situations. ! On Farm A in Situation-iii, the MVP is Rs.3.39 which indicates 
that every additional Rupee brings a return of Rs.3.39 in TGM. The MVPs 
on Farms B, C and D, in Situation-iii, are Rs.4.51, Rs.5.55 and Rs.6.45 
respectively, which also reflects the fact that every additional Rupee 
investment brings a corresponding increase in TGM. In Situation-iv, the
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MVP is Rs.1.25 on Farm A. The MVP is Rs.2.29 on the other farms which 
indicates that every Rupee of additional investment brings a corresponding 
increase in TGM. The results further show that MVPs are higher in 
Situation-iii than in Situation-iv because of smaller capital availability 
on each of the farms in Situation-iii. If farmers become able to earn 
more than the present owned cash from any other sources, there will be an 
effect on the cash borrowing constraint. The result of this would be a 
change in the present MVP value of owned cash and the cash borrowing 
constraint.
With the introduction of winter crops, cultivation becomes more 
expensive. Farmers' owned cash is insufficient to meet the input needs 
of the farms. Thus they have to depend, to a large extent, on borrowed 
funds, and the Bank charges a 10 percent interest rate on borrowed funds. 
With the availability of credit in Situation-iv, the MVP values of cash 
borrowing capacity are as follows: Rs.1.15 on Farm A and Rs.2.19 for the
rest of the farms. This indicates that scarcity of credit is the same for 
Farms B, C and D while on Farm A shortage of credit availability is not 
severe. In other words, owned cash availability in relation to the total 
capital requirements is less on Farms B, C and D than on Farm A.
5.5 Marginal Opportunity Cost (MOC)^
The computed values of MOC for different crop activities are 
presented in Table 5.5. Discussion of the economic interpretation of 
computed MOCs follows.
On Farms B and D, in Situation-iii, the MOC values of maize per 
MM are Rs.10.13 and Rs.2.73 respectively. This indicates that if an 
additional MM is forced into the plan under maize, the TGM will decrease
1 Defined on page 80 .
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by Rs.10.13 and Rs.2.73 on Farms B and D respectively. The MOCs of dry 
paddy indicate that if an additional MM of dry paddy is forced into the 
plan, then TGM will decrease by Rs.15.75, Rs.15.47 and Rs.19.56 on Farms 
A, B and D respectively in Situation-iii but by Rs.3.79 and Rs.22.87 on 
Farms A and D respectively, in Situation-iv. This shows a decrease in 
MOC of Rs.11.96 on Farm A and an increase in MOC of Rs.3.31 on Farms D 
in Situation-iv.
The MOCs of a few winter crops are also presented in the optimal 
solutions, indicating their non-profitability because of low returns.
The MOC values of pulses in Situation-iii show that an additional MM of 
pulses, if forced into the plan, will bring a decrease in TGM of Rs.8.86, 
Rs.12.24 and Rs.15.81 on Farms B, C and D respectively compared with Rs.1.61 
in Situation-iv for all three farms. Sesame was introduced only on Farm A. 
The MOC for this crop is Rs.0.70 in Situation-iii.
5.6 Parametric Programming
This form of analysis is extremely useful when using Linear 
Programming as a means of decision making. On the basis of MVP values 
obtained in Situation-iv, the cash borrowing activity of each of the farms 
in this situation is relaxed by changing the parameters so as to examine 
the impact of such changes on the solutions. Table 5.6 shows the results 
of parametric analysis of each of the farm plans and the results are dis­
cussed below.
In Situation-iv, on Farm A, the TGM is Rs.2613.19 in the optimal 
solution which is obtained with a credit availability of Rs.400.00. The 
first solution shows that with an increase of Rs.16.06 in the available 
credit, the TGM increases by Rs.86.64 over the initial availability. The
same trend occurs in the succeeding solutions as shown in Table 5.6. The
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TABLE 5.6
PARAMETRIC ANALYSIS OF FARM ENTERPRISE COMBINATIONS 
- PARAMETIZING CAPITAL CONSTRAINT
Plan Number
Farm A IncrementalReturn
Total Gross Margin 
(in Rs)
Amount of Capital 
Borrowed 
(in Rs)
un
Borrowing
T*AB
1.Optimal Solution 2613.19 400.00 -
2.First Solution 2631.70 416.06 115.26
3.Second Solution 2701.56 486.64 99.11
4.Third Solution 2723.53 509.10 97.82
5.Fourth Solution 2841.63 642.41 88.59
6.Fifth Solution 2864.16 668.43 86.59
7.Sixth Solution 2894.91 706.81 80.12
8.Seventh Solution 2933.04 757.90 74.63
9.Eighth Solution 3008.76 861.90 72.81
LO.Ninth Solution 3084.22 990.90 58.50
LI.Tenth Solution 3085.43 1049.29 2.07
Farm B
1.Optimal Solution 
2.First Solution
873.18
965.45
103.00
145.14 218.96
Farm C
1.Optimal Solution 1036.54 98.00 -
2.First Solution 1081-00 118.31 218.91
3.Second Solution 1097.58 128.09 169.53
Farm D
1.Optimal Solution 970.14 70.00 -
2.First Solution 1086.35 123.07 218.97
3.Second Solution 1098.58 130.29 169.39
* GM is for Gross Margin and B is for Capital Borrowing
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final solution shows an increase in TGM of Rs.395.57 with the additional 
availability of credit of Rs.649.29 over the optimal solution.
On Farm B, a TGM of Rs.873.18 is observed in the optimal 
solution; this is increased to Rs.965.45 with the relaxation of the credit 
restriction and increasing credit availability by 41 percent. In the 
case of Farm C, when the credit constraint is relaxed, two more solutions 
are obtained with an increase in the TGM of Rs.44.46 and Rs.61.04 with a 
corresponding increased use of credit from Rs.53.07 and Rs.60.29 over 
the previous optimal solution. Similarly, on Farm D too, two solutions 
are obtained besides the optimal solution after relaxing the credit 
constraint. In the first solution, the credit requirement is increased 
by 76 percent over the optimal solution so as to obtain the TGM of Rs.1086.35 
whereas the second solution with a credit requirement of Rs.130.29 generates 
a TGM of Rs.1098.58.
This analysis suggests that credit, because it encourages the 
adoption of improved technology, is one of the most important factors in 
improving farmers' income levels. With availability of inputs, favourable 
market facilities and other services, credit is the key factor in supporting 
improved technology.
In this chapter various alternative optimal plans under improved 
technology are discussed for all the farm sizes. The parametric pro­
gramming is also included showing the importance of credit in changing the 
cropping pattern so as to achieve higher farm income.
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CHAPTER 6
SUMMARY AND CONCLUSIONS
Agricultural plans in Nepal originate from the National Planning 
Commission which sets out certain physical targets such as area under 
different crops. The plans are then transmitted to the grassroots level 
through extension workers. The extension workers have their choice of 
allocating these targets to any of the farmers. Farmers' own participation 
in planning activities is minimal despite the fact that they are the 
ultimate decision makers.
There is a wide socio-economic disparity between the Hills and 
the Tarai. The greater part of the public resource allocation for 
agriculture as well as other sectors has been made in the Tarai and in the 
Kathmandu Valley. Under these circumstances it was considered worthwhile 
to undertake a study aimed at exploring the possibility of increasing Hill 
farmers' income by the reallocation of available resources. The main 
objective of this study was to devise and test a method of formulating 
feasible farm plans for maximizing production and income within the limits 
of likely available resources. It is hoped that the method so developed 
would prove to be useful for wider application in raising the standard of 
living of Hill farmers in the country.
For this purpose, four farms typical of the Tanahu district 
were chosen. A larger sample could not be obtained due to insufficiency 
of time and data. Scope for generalization of the results of the study 
is therefore quite limited though it is hoped that the potential value of 
the technique applied has been adequately demonstrated.
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The Linear Programming (LP) technique has been employed to 
determine the combination of crop enterprises that will generate maximum 
farm income under a given set of resource restrictions.
Owing to limited choices of activities (crops) in the present 
system of farming, an attempt has been made to test the potential for 
introduction of certain improved crops. Four alternative resource use 
plans were formulated for each of the farms. They are:
(a) Situation-i : Existing Technology Without Cash
Borrowing.
(b) Situation-ii : Existing Technology With Cash
Borrowing.
(c) Situation-iii : Improved Technology Without Cash
Borrowing.
(d) Situation-iv : Improved Technology With Cash
Borrowing.
The optimum plans for each farm were obtained. The results thus 
obtained are summarized below.
(a) Irrigable monsoon land is the most valuable land.
It is the most limiting resource in Farms B, C and 
D. Unirrigable monsoon land is not fully utilized 
in all the optimal farm plans due to inadequate 
capital.
(b) Although winter land was left fallow in the original 
situation, the introduction of winter crops appears 
economically feasible with the provision of physical 
inputs such as improved seeds, fertilizer and
adequate credit.
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(c) As noted in Chapters 4 and 5, human labour is 
scarce only on Farm A. Surplus labour on Farms 
B, C and D could be diverted to off-farm 
activities, the creation of which deserves con­
sideration. As labour is not a scarce resource 
except in Farm A, provision of physical inputs 
such as improved seeds, fertilizer, insecticides, 
pesticides and extension services makes possible 
the adoption of new crops under improved technology.
(d) The results show that the selected farms are 
operating and allocating their resources close 
to the optimum at the existing situation. With 
credit availability, the average possible increase 
in Total Gross Margin (TGM) of the farms studied 
is 51 percent in Situation-ii rising further to
94 percent in Situation-iv. The optimal plans 
of Situation-iv are the best among all the 
alternative plans in terms of TGM.
(e) Capital is the limiting constraint in optimal 
plans under both the existing and improved 
technologies. Inadequacy of cash for working 
capital to operate the optimal plans suggests 
the key role of credit. The availability of 
credit had a bigger impact on farm incomes than 
simply resource reallocation. The pattern of 
credit needs suggests that the amount of credit 
required increases with the increase in farm size.
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However, MVP of capital tends to be higher on the 
small farms than on the large ones.
(f) A parametric analysis showed that the availability 
of unlimited credit made possible a maximum increase 
in TGM and this was observed on each of the farms.
(g) The analysis suggests that it may be possible to 
utilize the fallow winter land in the area by growing 
winter crops such as wheat, pulses and oilseeds but:
(i) Field trials and demonstrations on 
farmers' own fields are important to 
test the adaptability of recommended 
varieties in the area. Timely supply 
of required agricultural inputs, 
technical guidance and production credit 
will contribute to rapid adoption of any 
new technology. A successful example 
is the widespread use of improved wheat 
varieties in the area in recent years.
Farmers, nevertheless, still face risks 
and uncertainties arising from losses 
from insects and pests, and yield 
fluctuation.
(ii) Extension workers should be well equipped 
with knowledge on crop protection 
practices against insects and pests.
(iii) Field grazing of animals in winter is 
a common practice in the area. This
102
is a hazard for winter cropping.
Hence the village panchayat committee 
should enforce more strictly the rule 
that farmers must not leave their 
animals loose in the cultivated 
fields. At present this regulation 
exists, but proper care is not being 
taken.
(h) The importance of agricultural credit in support of 
the Hill farmers of Nepal has been demonstrated.
As small farmers form the bulk of the farm 
population, it is important for the agricultural 
credit agencies to extend their services to small 
farmers, through co-operatives and village 
committees.
The Agricultural Development Bank (ADB) is the pioneering 
agricultural financing institution in Nepal. The ADB was established to 
meet the overall credit requirements of agriculture and agro-industries. 
Farmers think that the Bank only provides credit for production purposes, 
but in the past there have been some other provisions for sanctioning loans 
for consumption, marketing, processing etc. Therefore the Bank should 
clarify its purpose so that all the opportunities for granting needed 
credit to these small and needy farmers can be brought into use. Small 
farmers usually face difficulties when applying for credit because the 
Bank asks them to show their assets and immovable property and the Bank 
then values it. The Bank at present applies a rule limiting credit 
provision to a maximum of 50 percent of the farmers' owned cash.
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Major objectives of National planning in Nepal are to achieve 
national self-sufficiency in agricultural production, and to improve the 
standard of living of small fanners. To meet these objectives, the 
financing institutions must give some priority to small farmers. 
Administration requires some improvement if the Bank is to be effective 
in this role.
(a) In the past, there have been problems of credit 
delinquencies because of loan misutilization, 
and lack of effective supervision. To prevent 
these occurrences, Bank officials should be 
given special training in dealing with small 
farmers and their problems. While assessing 
the credit standing of farmers, their management 
capabilities and technical know-how should be 
given more weight. At present, the area 
cropped and/or offered against the loan is a 
major determinant of the farmers' credit 
rating.
(b) There is a need for credit both for marketing 
and for financing some purchased inputs. It 
is suggested that banking facilities should be
, broadened to cover loans for these purposes.
Another factor that is important in this 
connection is the provision of adequate storage 
and transportation facilities, for which credit 
may also be required.
Some of the limitations of this study are listed below:
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(a) The primary data used cannot be said to have 
been adequate in a number of respects.
However, by confining analysis to some of 
the farms for which higher quality data were 
available, and by applying the personal 
knowledge of the author about the study area,
it is believed that the results are satisfactory 
as a demonstration of the value of the method 
applied.
(b) The optimal solutions obtained by the LP 
technique do not take into account risks and 
uncertainties. The growing of new winter 
crops involves a great number of risks and 
uncertainties and this may not be acceptable 
to the farmers.
(c) Although livestock and horticulture are 
important activities in the Hill economy, 
they were not included in the study mainly 
because of data unavailability.
Realizing the above limitations of this study, it is suggested 
that it would be worthwhile to undertake the following further research 
projects to improve economic conditions in the area.
(a) It would be beneficial for both farmer and
research worker if a successful farm management 
record keeping scheme were introduced in the 
area which would enable planners to make sound
policies for the economic development of the
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area. For the successful operation of this 
type of scheme, field staff should be trained 
in various aspects of farm budgeting, planning 
and business.
(b) Further, it would be much more appropriate to 
collect better quality data, especially on the 
input-output coefficients of each of the 
enterprises such as crops (horticultural + 
cereal + cash), and livestock together with 
other possible enterprises, and on the prices 
of inputs and outputs.
The results suggest that further application of the LP method 
on a wider sample of Hill farms would provide policy guidelines that would 
be of great practical value. To do this, wider scale, accurate data 
collection would be necessary to fill the items in the matrix for a much 
larger sample of Hill farms. Also, sophisticated computer services not 
available in Nepal would have to be hired or borrowed from outside. This
should not be difficult.
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His Majesty's Government of Nepal, Gandaki Anchal Agricultural Development 
Project, Khairenitar, Nepal.
AGRICULTURAL SURVEY - QUESTIONNAIRE AND SCHEDULES(i) 1
(i) Zone................... (ii) District...........  (iii) Panchayat.......
(iv) Name of the Village......................... (v) Ward No.................
A. Farm Operation
(1) Name of Head of Household.....................
(2) Age................ (3) Education.............(years of schooling)
(4) Occupation................. (5) Special Skills...................
(6) Operating the farms for ...... years.
B. Family System
(i) Joint Family.................... (ii) Nuclear Family...............
Member of 
Family Sex Age
Relation 
to Head
Education Occupation Remar
Literate Illiterate Main Secondary
C. Total Holding of the Family:
(1) Owner
(2) Tenants
(3) No. of Plots
(4) Type of Soil
1 Only a part of the Questionnaire and Schedules utilized in this analysis 
is presented here.
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D. Area and Annual Total Production of the Family
Crops Area Covered Total Production
(hac.) (kg)
(1) Maize
(2) Paddy
(3) Dry Paddy
(4) Wheat
(5) Millet
(6) Pulses
(7) Mustard
(8) Lentils
E. Crop Rotation: 
(1) Summer Crops
(a)
(b)
(c)
(d)
(e)
(2) Winter Crops
(a)
(b)
(c)
(d)
(e)
F. Cost of Cultivation:
Crop.................  Variety.................. Area
Unit.................
TABLE OVER PAGE
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Particulars Unit No of Labour Unit Price
Days or Inputs or Wages
a) Seed bed preparation
1) seeds
2) human labour
3) bullock labour
b) Mainfield preparation
1) ploughing 
human days 
bullock days
2) sowing or
transplanting 
human days 
bullock days
3) weeding 
human days 
bullock days
4) manuring 
human days 
bullock days
5) irrigation 
human days 
bullock days
6) maintenance 
human days 
bullock days
7) harvest 
human days
8) threshing 
human days 
bullock days
9) storing 
human days
10) other major inputs
a) Manuring and Fertilizer
b) Plant protection aids
c) Depreciation on tools
d) Revenue
e) Depreciation on Bullock's
Value
f) Interest on Working Capital
Total Cost 
in Rs
Ill
1) Total
Yield
Profit
Unit cost of 
Production kg.
G.
1 )
2)
3)
4)
5)
6)
H.
I.
1 )
2)
3)
4)
5)
6) 
7)
Farmer1s Home:
Type of Construction: Thatch, tile, wood, brick, metal.
Water supply - Well, Tubewell, (or pipe)
Light: Lamps, lanterns, petromax, electricity etc.
Latrines: With or without
Cleanliness: Poor, average, above average, very good
Garden: Acreage................ kinds of crops of trees growth
space utilized: partially or fully.
Family's Source of Food:
Food
Rice Pulses 
Vegetables
Milk or curd (how often) 
Meat (how often)
Fish (how often)
Fruits (how often)
Tea or Coffee(how often)
Sources
Poultry and Livestock:
No. No. Sold Cash Number Used
(present) (last year) Obtained By Family
Cattle ............................................................
Buffaloes ..........................................................
Goats ..............................................................
Chickens ...........................................................
Pigeons ............................................................
Pigs ...............................................................
Sheep ..............................................................
Total Rs
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I (a) Workdays:
Family
Members Work Days Remarks
Own Work Other1s Work
In Farm Others In Farm Others
Total
Workdays
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J. Fruits:
Amount sold last year in kg .........  Rs
K. Vegetables:
Amount sold last year in kg .........  Rs
L. Gross Income: Sold Used By The Family Total Value
1. From Crops Rs....... Rs..........
2. From the Poultry Rs....... Rs..........
to Livestock
3. From Fruits Rs....... Rs..........
4. From Vegetables Rs....... Rs..........
5. From Off Farm
(in farms) Rs....... . RS..........
6. From non-farm
income Rs....... Rs..........
7. Other Crops Rs....... RS..........
M. Credit:
1. Borrowing
Borrowed last year from Purpose Due In Interest
Rate
Rs .................. 1) Bank
2) Relatives
3) Friends
N. Farm Products Used For Family Consumption:
Amount
Amount Used Value Rs Remarks
1) Rice.
2) Wheat
3) Corn.
4) Fish.
5) Meat.
6) ......
7) ....
8) ......
9)  
10) ...
O. Other Techniques Used in Farming:
1) Chemical Fertilizer
2) Improved Seed
3) Improved Tools
4) Improved Technique
P. Any Other Information:
.R
 
PR
O
G
RA
M
M
IN
G
 
M
O
D
EL
 
FO
R
 F
A
RM
 A
:
114
L
at
e
O
ct
.
02
co
xM o
ro
u '  I I 1 i- 0.
71
M
id
 
O
ct
. 
01
CN
X  o
CN
CJ I I  .1 -i 0.
71
S
ep
t. 
S
1—1
X  o
rH
CJ 1 1 1 i- i i
L
at
e
Ju
ly
JU
L o
X  o
o
o i l -  1 -i i i 0
.6
2
L
at
e
Ju
ne J3 <T>X o
CT\(J 1 1 1 -1 i i i i 0.
62
M
id
Ju
ne J2 COX o
00CJ 1 1 1 I" I t i i 0.
62
E
ar
ly
Ju
ne
Jl ><P o cT . , rH I I i i i i 0.
62
L
at
e
M
ay
MY IDX o
vDO i l  1 -1 i i i i 0.
62
L
at
e
M
ar
ch M
2 in
X  o inCJ 1 1 1 -1 l I i i 0.
62
Ü
rH
rH X  
•H 23
.8
4
U 1 H 1
CN
i i i i r- i 1
CN
i
rH
CN 3.
66
:y
 P
ad
dy
 
X3
18
.9
7
coU rH rH |
CO
1 CO 1 1 1
CO
1 ID i i CO 1 6.
34
Q
Sh
TJ
TJ CN 
03 X 25
.9
4
CN
CJ 1 1 *H 1 ^  1 CO 1 co  ' co
CO
CO CO
<N
rH CO 12
.5
2
0)
N
•H rH
03 X  
£ 21
.1
6
U -1 rH 1 . 1
CD
m  I H1 I I , . 1 1 CO 1 |
o
m
U N
et
P
ro
fi
t
CD -H 
>  CQ CN CN <T>
VDin CN CN rH rH CN CT* C7» § CN s in 8
CO
V 1
CO
V 1
CO
V 1 V I
rH
V 1
rH rH
V I  V I 9 . V 1 V 1 V 1 V 1 9 ,
rH 
V 1
co ^
M
I 2 2 co& in vD R7 R8 CTiX
o
«
»H
a
CN co
3
m
rH
s
ID
2 a
rH
0
1 3 g Ü a S
rH
J2 J3 *1 cn
rH
O a SS 5
o
1
*0)
r t f  
Cn 
•H
P
TJ 
T) (1)
C  4J 
r t f  r t f  r t f
rH CT> rH
c £ c
0 ^ 0O-H 0
w 
3 
£
0
-9 >, -UrH Q-i
2  CD
CO
CD CD
-P -P
r t f  r t f
PI ►J
,g
P  > i
r t f  r t f
2  2
CD CD
-P -P
r t f  0 3
PI PI
O
-P
E
CD
•H
D1
CD
E -6
•H X)
c
• H Q,
'T  vo CD (T> O  «H CN
rH rH rH
CO LD • iD
rH rH rH £> r-H
,R
 
PR
O
G
R
A
M
M
IN
G
 
M
O
D
EL
 
FO
R
 
FA
R
M
 
A
:
115
C
as
h
B
or
ro
w
in
g
oHVH
x-o Hu H  H
L
at
e 
O
ct
. 
02 ro roCJ 1 1 1 1 H  | r*i o
M
id
 
O
ct
. 
01
(N
X o
CM
cT i i i 1 H  | |
Hr-
i o
S
ep
t. 
S HX o
rH
u-1 i i i 1 H i l l i
<1) > i t-4 
P  .-I t>  
(0 D 1-3
J  id
0) 01 
P  C  m
it) 3  id  
D  Id
T3 01 
■rl C  IN 
S  3  ID
>i <D 
*H C 
M D <H
<0 id  id
W
oi ><
P  <D Sh 
n) 2  2
(1) jC 
P  O fN 
10 U  £  
PI a)
2
IS
rH
rH X  
•H
£
TJ
03
P4 ro
X
£
T3 CM 
03 X  
CU
<D
N
•H H  
03 X 
£
c?
o
X O
m
X  O
oo
s;
oo
h*
cp
in
(N
vd
a
4-j
-p  h  
qj o  
z  n
o
u  I I
CJ I I I
cpx o
C0 CO
X O  CJ I I I
r- r-
X O O i l  I
kD vD
X O O i l  I
H
rH I
rH I I I
t i l l
I I I I
CJ I I I
U  I rH I
ro
CJ rH I—I I
CN
CJ I I rH
U -1 rH I I
I I I I I I
I rH I I I I I I I
I I I I I I I I
I I I I « I I  * 1
I I I I
I H" I CO
I I I I I I I
I I I
I I I
I I I
CO I I
0)
03 
CP 
•H
U 
T3
TJ QJ T3
q -p c
03 03 03
H  CP H
C M  C 
O M O
O -H 0  C
V) C  W rd
C 3 C E
>1 P
rH Cl)
2  <D
>“) CO
QJ (U
-P -P
03 03
PI PI
QJ -H 
>  CQ CN CN cp
cO
JO
CM (N
H
CP CP
a § H S m  o  H  o 8
Q  w r o
V 1
r o
V 1
r o  
V 1
H
V , V 1 5 , a. H V 1 V | V I V | H  V 1 a, oo ^V I  V I A I
cn
I a a r o05 <3*ft; m« CDftj a COft: CPft5 o05 Ha CNa r oa H2 m2 R16 R17 00a
H
0
1 £ § § §
H CN ro
►"0 C/3
i—i
o
ft53 3 z o  o  u  u 1
^ r m i D r ^ o o c P O H C N  m  ro ^
i—I >—I H  H  r H H
0
■p
1<u
• H
CP
QJ
P
§  >, 
e  T 3 
• H TJ 
C 03 
01
00
116
-X O'
o  cO H
*-» O CM (N
© © D X O 
•J Q
in’ u •-*
M II H  CM
<U Q Q X O
W
*—< > • —( o.
kg 0 2 cm
2 X Ou
© • <n
*J i)  rg *-4
nj U O X OO
kJ 00
L) >~4 «-4O O x  O
gj r-»
Q, i-H
© tn x  o
to
© >1 J  VD
Ü H D <—4
D 3 h X O>-4 ^
0) 0) IT)
kJ C CO -4fl 3 ^  x  o
<N 2
»") X O
>- © co
•—4 C "H r—4
kg 3 ^  X o
n  ^
tij
© >• CM
kJ I« >< -Hj  i: j : x o
0) O rH4J M ^  •“*© « s: x  o
O -4 O
V4 £  H
<TJ X O
© •
kJ -Q<TJ 0) It,
00
<r>
x  o
vO
•H
J 3
o °
2
CO
!h
u
m
m
CM
rH
o
lT
CO
O  CM O  O  Ooo •—4 id r^H H
-H >T
2
TJ 
<0
£
A3
I  x1" 
SrH ^vr
f**
u °
^in
*T
s
CO
S
(N
vO
3
«  £  
0) o
2 kg04
©
jj
w
«
•^H
3  © -H 
0 > £Q W © ^  © J
2  2  2  a
5  g  §  g
lO
m I
n  .
CM ^  CM CM CM
(N CM CT< rH H > f l r f ' r i O ' - 4 H H ( J l ( ^ H W ! 7 ' C I )
m m  ro r* . - i i n . - 4 . - 4 i n r - 4  . H - H » T ' a , C ' ,3, ^r<r'
VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI
O ' - i m r ' i ' T i n i o r - c o
2 « 2 o : o : 2 2 2 2 2 2 2 2 2
H  CM >i CM CO
X X  X *3 ^  *3
>—4 CM <—4 »H CM
O O 2  Q Q
"Ü © T3 H
T3 C kJ q  *0 3
C <3 <0 © C 0i« H  O' H  XJ
<—4 H «H ©
C kg C -«
O' O M 0  kgC O H O ©  c
•H tf) C W1 4J «T3u c  3 c c  e
» r  Ü  I
S  8  I 9  I  8  SO >» >1
© © © © <—4 >—4
kJ kJ kJ TJ kJ U kg
J  >4 J  51 4J  u  lj
© © © —4
4J k> C kg© © 3 <3
*-J »3 U1
O O O O
O' o  —4 cm m  rr
2  2  2  2  2  2
8  S
0 m m r-i o  m
m i—4
Al Al AI II VI VI
in io r* co o> o
3  3  3  2a , cc a. a  a; cx
< 3O4 S O4 O X W
1  1  I  9  1  S
lU *M <U <M *M
0 0 0 0 0 0
U O H  Xi U U
C C C C C c
g i g g O. g g© © © © c  © ©
V4 kg V-4 V-4 H kg kg
■ri -H -H H  kg -H *H
3 3 3 3 <fl 3 3
tr  o* cr cr © cr ty
© © © © kg © ©
kg kg kg kg kg kg
§ > . § w i s  l l  IS IETJ B ©  S W B>h E k* 6 I
•H *0 -H © -H >H H ^4 H W) H i
C fl cx:  C 3 C 3 X3  X
s a a * a “• i  -0 s 6 I
117
2 5 
S >
1 j
I  g
i s
u  o
H
a s
(1) .
CM • 
X O
xT O
H  O H  H
P ft» Q fN
itJ Q X o
>1 •
'—I >
^  o  £
2 2 z
3 P
TJ P  *H
2 8 °
i -
Q> >, J  v£>
P  rH P  *H
iTJ D r-j X  O
J  n
p  q  <n -H
id 3  n  x  o
ft)
§  n
-H 0) co
P  C *H r-i 
ITJ 9  *-3 X (
8
x  O
O'
X ^O
CO
o
?o
?o
P  <D 
10 X
T.
%
<u
x ^
CM
s
£
3
3
co
CN
S
CO
3!
8
vO
S
*j  ä
s s
J5
»N
fN
8u
CO
r>
u
in
O
O  *P vD O  O  O
ao •—» *—« r^ - c— co
I I I I I
u °
m
U
' j r
<s*
1
ft)
p  >, >:
3 s £ x ^ o J 5 «H 1 1 1 1 1 1 1 1 1 1
CN
i£>
O
L
a
te
M
ar
ch
M
2 A u -  1 ■ ■ rji 1 1 1 1 1 1 1 1 1 I I 1
fN
i3
O
M
id
M
ar
ch
M
l
* S o
O
u "  1 i i rH 1 1 | 1 1 1 1 1 1 1 1 1 1
CM
c0
1 , 1 1  o
L
a
te
F
e
b
.
F
o\
X  o
*  t
i i rP 1 1 1 1 1 1 1 1 1 1 1 1 I 1
CMX>
1 1 1 1 Q
tu
<9 co 
(0 X 
0) 
cn
vO
U °  1 1 <H
vO
• 1 1 1 1 1
CN
1 1 1 1 1 1 1 1 X>
^  s
-
(0
0)
<o r* 
-p X
0,
m
co
1 1 -P
*7
1 1 1 1 1 1 * 1  1 
i n
. 
2
.1
 
3
.2
6
-
TJ
ITJ £ <w ^  io
ao '
co to co I
o  to 
P  H  
P  J) H
o  > m 
(0 a» ^  
qj *3 I3
2
<
3
2
<
3
9
<
71
CM CM CM CM
H c ß ' f ' T c ß H H H C ' f l ' H l J ' O C O  
r P i n i H « H i n r P r P r H ' 3- ^ r a i ^ T ^ r a j  
VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  VI  V|  VI  VI
o  o  o  o  o
<
8
1
5
<
4
0
0
S “AI  AI  AI
P  o
u v  i
3 2 S a
o < H C M c o « T i n v o r ' - c o
i n v 0 r ^ C 0 <7T » - | H r P H i H r P r P H H
c t i a K a a a a i a c t j o i o J o i o i a J
or  O  r-i cm co
a a a a a a a
vo I-* co
a a a R2
9
R
3
0
a
SM M
D
M
P
W
P r-4 fN >. H  CN cn D r P C M P P C M
t p a E j S S » ^ » 3 C3 h ( / ) O O Z Q . . Q 1 i  % i  s O  CQ U  U I  1 i 1 i 8
TJ 0)
I  s |
I  j jf
» I s
A A
h
S i
j3 ft) • • • rd
. x o  q  ft) >. • > o  • <h
^ 3 u ^ ^ 3 a i c ^ Q ,  • p  o  dj o
4i ^ i T j i g r - 3 c 3 d a j p o z Q a »  xCn <g Z z  3 » - ) » - 3 i n o o  a  uX >< n  O  >i o
ft) ft) . ft) rp ft) 0) Q) 0) »H rp ft) rP
P ' Q P P P ' O P P P ' O P P P P  r-i
3 2 3 3 5  2 3 3 3  2 3 2 2 3  2
u  >  —
P >i  O P  10
J  J  *  I  *
a» a) Qj ^  oj x:
p  p  q  p  u  to
ITJ ITJ 3  (TJ fl) ITJ
cn h
C C
5 2
*0 0  ^
n  j
.C -C -H 3
W U1 X O’
ITJ ITJ ITJ ft)
u  u  £  a
«J gj
J  J  f-3 w Q
c o a T O * H f M f o < T i n v o r ^ c o  m  or o  »h  cn co • m
H H H H H H H H H  H  »H CM CM CN CM CN IN ^
4P <P <P <P *P
0  0  0  0  0
.p 4J  4J
c c c c c
8 8 8 ^  ! 8ft) ft) ft) C ft) 0)
P  P  P H P  P
•H -H -H ^  '3  *H
3  3  3  «J 3  3
S' S' ftT P ftf S'
P p  P  P  P
1  >,  §  p  i s  § o  i s  i
e t j  e io e w e^p  b p  b
•H TJ -H ft) -H H  'H H  -HU)  -H
C <TJ C X  C 3  C 3  X 3  X
2 °* 2 * 2 °* 2 * S 6 £
io r* co cn o  ^p
fN IN IN CN CO CO
IE
A
R
 
PR
O
G
R
A
M
M
IN
G
 
M
O
D
EL
 
FO
R
 
FA
R
M
 
B
 
- 
S
IT
U
A
T
IO
N
-i
 
(E
X
IS
T
IN
G
 
T
EC
H
N
O
L
O
G
Y
 
W
IT
H
O
U
T
 
C
A
SH
 
BO
R
R
O
W
!:
118
3
rH
<H X  
•P
I I I p" I I I
o
u
to
A
0
u
-a
13
aS
r
X
Q
£
13 o 
(fl X  
a.
I co I I I I u- I I
I ^  I 00 I r o  (N n  i r I (N n
<D
N
•H I—
as X  
S
•ni
-P 
■P OH
a) o
2  P
kO I ro  I I I I I I
QJ *H 
> CQ <T» (T> o
vO CO
CO q>
vO vD
77 77
CO
co 80
CN
§ o 10
V 1 V I
f—i 
V 1
CN
V |
CM
V 1 V 1
rH 
V 1
rH 
V 1
rH
V 1 V 1 V, V 1 3 i VI
CN
V 1 A 1
o rH CN co LO VO
R
l
R
2 mOQ R
5
R
6
«
CO
Oh
CTi
2
rH
D$ s
»H
3 3 2
SM M
D
M
P
M
2
M
Y
j
i
J2
e
r JU
L
C/)
TO
02 M
AR
3 JN C
O : M
R
P
13
-P
(0
•H
p
13
u  ai u
13 C P  G
C <3 <3 (3(0 H t7> H
rH -H
q p  a
tJi o  p  o
c  o  -H o
•h w q tn
p q 3 q
Qh o o
w s  s
3
0)
-P
(0
X
P  Ip  
r3 (3
S  S
QJ QJ QJ
-p -p q
as to 3
PI PI 0)
e
p
•H
o1
0)
p
I S•H 13
q <n
3
O  «H CN
rH r-H «H
LO • VO
rH rH £> r-H
119
C*
'S 003 U 
U  H
^LO
H
MM X
M  W
H  ^T 
rH X•H
'O T 3 03
0. on X
uQ
rO
'U  n  03 X
03N
•H r-
03 X  £
d O
on rH rH I
m o i l  •—!
I I I I
I oo I I I I I I
ID CM LO
1 I 00 I r n  CM r n
iD I rn I I I I I I
I cm on
on I I
•m -P
03 O 
Z  U
di
i s03 ^
I
rH
1
W
0
-p
•H203
a\ cn o JO ID 1—1 COCO JD VD JD r- onon § CM s id on o  o o
V I V 1 rH V 1 CN ^ CMV | V 1 5. ?.
rH V I V | V I rH V | 3, rH CM rHVI V 1 A 1
O rH CM on m id n* 00CM on m ID
« 5 CO0$ a»« 2 3 2 2
1 § § H CM on JUL CO iH o MAR s z o  m  u  a i
'd T) (1)s S
rH cn
C M 0 uO Hs sa 0
x/J s
T3Qj
(X!cn•H
u 5 a) >, +j
M >, P 0) C <H Q< • V  
Q j c d x x j C P P a j + J O  
2  £  3 d ) d ) W U O> . 1-3 OQJ OJ rH 0) QJ 0) 0)4-i+J H ' Ü - P j- 1 4 - I ' O - P
n3 ( T J f d * H n J ( Q d - H n J
r - Q r P W S r P P I r - Q S P J
■ ^ L r i x o r - c u c n o r H c N
rH rH rH
■C
P  >1<0 (0s s
Q) QJ
P  4-J(0 (0
C
• H
n o
qj p
in xd r~
r H r H • r H r H
O
■P
EQJ
•H
a 1
0)
e  - a•H V  
C (X)
$  01 
CO
120
(/)
<D
if) r* 
•H X
£
'O
s
3
X °
*
<d m
S *
S
<—< ^r
rH X
£
£
TJ 
dJa. ^rn
>1
Q
£
T3 (N 
OJ X
a*
Q)
N
•H <H
<TJ X
co ^r>
• i£>
fN (J  I I
I I I
• m
fN O  
H
o  c /
CM
. co 
O  O  
CN
I I I
in
co
in
fN
S
a
4J
P  »H 
QJ O 
Z  H a
j n
rH
R
e
s
o
u
rc
e
L
e
v
e
ls
(B
i) cn o% o 0>
vn co 
r-- co 2
vO CO
CO
vD vD 
r-
ID r- r- ro
ro
r - r -
§
CN s O o o o >n r>
V , V ,
•—1 
V 1
rH
V , V ,
fN
V 1
(N 
V 1 V 1
•H <H 
V I V I
<H
V 1 V I
rH
V 1 V , V I a , a, V I V I CN V 1 A 1 V 1 a, V »
(0
I R1 R2 roa: s m  id os- oc £ COQ£ cnos R1
0
R
JL
1 (N
O' a
rr
a
m
ct
vO
« a
CD
c2
cn
a
o
a a a
ro
fN
Oi
I 8
CC
in
a
kD
a a
rH
w
<
i SM M
D
£ § In 22 z £
rH
J
2
 
J
 3 cn
rH
O
rH rH
i 2 5 1 Q
O
p 1 i 1
£
Q)
%
CL)
c
(h
o
u
rs
) 
: •H
cr *0 *o
«M »H
S' 0 -H n a u 4J ■P
3
P .. s 1 e P P
3
,__-H
§
s
£ £ b Q) 0) 0) a»
3 s -o
1
C •H •H H •H
a» T3 c  u
q  <d
d  -H *7»
s
TJ
3
F
eb
.
ar
ch
x : <U
§
j*
3
j <; j; U ••
V
£
1«
cr
Q)
u
c r
0)
cr
0
c r
a)
R
es
ou
rc
e
5
rH -H
C H 
cn 0  h s
W
in
te
r 
1
iS
£
>i
2 §  I
a
<D
in
P
o
0
a .x
2
&
£
0
a a g p  ■>,
T3
*  a % L P  s
L
an
d
C O H
•h  u) q
u  c  3
a  Q —
in  .£
s
c
s Hu
m
an
L
at
e 
M
id
 M <D
10
O
3
>1
s
u M
id
 J
 
L
at
e 4)
3
3
a
o
H
£
S
<0 a
w
>>
’S
u
o
»—j 
CQ L
at
e 4)
1 Ju
ne
>1
1
w
rH
s
w , C
as
h
»
u
a
£
e  T3
•H T3 
C «0
a  a
e  4J
•H W 
X 3
g  e
e  oj
•h  a) 
c  x :
2  s
E w
■H rH'
X 3  
2  a
m  r l
H
m  id 00 cn O  rH 
rH >H H
m in vD M
M
CD 2 8 a (NfN >
CO
fN
>
s mfN 10fN K
121
C
a
s
h
o
rr
o
w
ir
a S
X  .
o
CO
U  I I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 . . . . . . . . . . . . . . . . . . rH rH
CQ
P
u
ls
e
s
X
7
i n
00
i f  . . I I  • i i I i i l i I i t i l l
ID
CM
• 1
<-n
•d
03 £ in
j j  kD
w x CM *  \ r-i «T I i i I i 1 i I I i i n  i I I  1 CM I «  ,
2
3 £ in in $
03 lO
£  x  
3
CM
o m
I cn i i i i i i i i i id i 1 1 1 c-» |
"  '
3
rH -S'
rH X
2 2
0
.7
1
1 rH | |
r* cm
i i i i i i . i i  * i i i
r-> vr
i i  • i i
cn
m
■^r
■V
TJ o
CM rH 00
m
0>
>1 s C
3
1 1 i i i oo i i I i r r  i i i i r -  i
Q
£ m iD cm in m
T3 CM 
03 X  
0.
m
CM
J M
1 1 I ^ T I C O l c o r M c n ^ i  | 1 CM cn | | m  i
03
N S CM rH m o•H rH
03 X  
2 s rH | I I 1 1 lO 1 m  1 1 1 1 1 1 1 1 CO 1 | 1 1 r* i
p
u
P  P  
03 0
*H
03 H 
>  CQ <7> O' O  C7>
vD co
co
i£> vO co
co
vO lO vO 
p '  r -
r-
£
r -
§
CM
s
O O
O  O
o m - n
03 rH rH
V I V 1 V 1 V 1 5 . V ,
CM
V 1
CM
v ,
■—1 rH rH
V I  VI V , V l V , V , v  | V 9 . 2 . V l v  I
CM rH
V |  V | A , V 1 2 ,
R
o
w
s
rH CM CO <3*
a  a3 o3 a3
in
a:
i0
OS £
CO
OS
<T> 
03
o
03 R
ll
R
1
2
03
P
03 a
vD
03
r*
03
CO
2
O'
2
O
2
2
03 2 R
2
3
R
2
4
(M
M
) 
: 
R
2
5 i 0
CM
03
£
03
CO
CM
03
H  N  >  H  (N M
2  2  2  f> »-j
>H CM »H rH
O  O  Z  Q
<  <  z  >  m
2  2  >"> Z  Q
C P
m <tj
rH O'
c  ^
0  P
0  H
S §
0
§  1
»H *
§ Ö
c  c
O H 
2  2
»0 03
►J U
TJ P  
-H 03 
2  J
O  rH 
rH rH
>.  4J
«H Q»
3  0)
»-3 in
03 03
P P
3  3
• P o
p  u  z
o  o
o  >
03
<N co 
•H 1—t
•H 03 03
2  J  U
t  m  vo
rH rH rH
-g
P  >,
3  3
Q) 03
P  P
03 03
-3 ►-!
>  U
§ X
>1 j x
C P  P
3  03 03
*") UJ W
O  CQ
U  U
C
•H
T3 0
(1) P
l &
JZ sz
</> U)
03 03
u  u
C" M 00 O' o  rH fN
■H M -H rH fN OJ fN
•H T3 
C 03
2  a
m
fN
*0
p
8
o>
•H
O'03
■o§ s
e  -u
•H V)
X 3
2 e
P
P
i
03
H
0 1
0)P
i  «I
.5 3
C JZ
i  3
si
*o
p
i
0)
•H
0 1
0)
P
i  3
e  w
•H P
X 3
g  0«
CO
(N
iR
 
PR
O
G
R
A
M
M
IN
i
122
£
Xi CM 
rd X  
a .
Q)
N
• H rH
<d X
CN
CO O  ^  ^  CO i/ l
I ^  I CO I CM CM <N ro
vo I m  I I I I I I
I m
I I
u
4J 
P  P
<D o
2
a <P H 
> CQ o  o
*H rH
^ T ^ r ^ c O O O C O r H r H r H
v O v D O O O O O > ( T ' v D
CM CN
V I  V I
CM CN CM 
V I  V I  V I V I  V I  V I
) CM O
) rH VO
rH rH
I V I  V I
rH
0
1
£
2  2
5
0>
id
cn
•H
£  “  
TJ 0) T3
C P  C
nj fd ■ <d
rH CH rH
C M C  
O H  O 
O -H O
(/) C W
c  3  c
O  rH (N
M ' l n k O I ^ O O C T i H ^ H H
Ä c d a r t o i c r j a ; « «
>h h  cN n
2  i n I-) <->
1-1 <N
o  o
>1 4J
r-H
c  a)
^  w
<u qj
+J
o3 oJ
Cl d
O r-H (N
rH rH rH
n  ^  LO
« 3 3
-C
M >,
03 03
2  2
a> a> a>
•M 4J C
03 03 3
Cl d  I-J
v f  i f )  • vO
rH rH £> rH
£
Xi
id
cu
o
p
cy
2
•H
D1
2
0
P
1
OJ
■H
D1
0)
3  >,
S TJ
•H T3 
C 03
2  *
123
rC $W o
<d U
U  £
CQ
D 1 •X o
t
r—I m
rH  X  
•H
£
'O  CN
cd X
<1)
N
•H  «—I
cd X
u
a ; -H 
>  CQ 
aj ^
U  I
CN
U  I
o  o
*H '—I
^ T ^ ^ T C O C D C O r H r H r H
k D ' £ > O O O O C T > ( T i ' £ >
CN
V I
rH  CN CN CN 
V I  V I  V I  V I V I  V I  V I
I I CN
I cn ^
) CN o
) rH  vD
rH  rH
I V I  V I
ID CO
cr> <j\
f
-H  CN
X  X
£
a j
rd
c n
•H
O  rH  CN
^ T l D v D r ^ O O C r » r H r H r H
c§
•H
a
w
5
- a  a)c p
03 n3 o3
r-1 O' t—I
c u c
O Vi O
0  - H O
in c  w
s 3 a
O ' -  os s
T3 Vi
C 3
0
3
> i
1
> , -P
rH C^-4
3  <1)
^  CD
0) (1)
4J P
cd cd
PI P)
m  r r  i d
a!  «  c2
>3 OS
S Q  Pj cn >< *—i cn co D  r - I C N  <  <  2
c o s  S  S S P ) ^  P ) ^ W O O  S S O )
.C
V >1
o3 oj
S  S
cu a> a>
■p p  c
03 n3 3
, 4  g  i-3
2 3
O  00
u  u
03
•H
T )  0
a) p§ 8o xi
£
T3
cd
04
O
P
Ea
•H
c r£
0  
p1
0)
•H
O1
03
e  v
•H XJc ia
2
O  rH  CN
I—I rH  I—I
r o  LD • VO r -
I—I I-H I—\ rH  rH
CO
124
a %
x  7
to 
03
to *D -H X
£
m
£(1) r j
x
«rH PH
<—t X  
•H
•S'
TJ fN 
03 X
rH
in
CO
*
£
fN
ro
Ul
£
fN
m
fN
l P
£
ID
fN
J N
s
£
r-
P
P  U-i 
03 O
2  P  
CU
0)
u  to
p  -H -—*
3  0) H 
0  >  CO
tO 03
S J
w
1
to
8
6
£
c
0
p . .
•H
2
03 1
0
U
P
r
I c
2 3
I I I
O  O  fN fN
•H rH rH fN
3 a
I I I I I I I
I I I I I I 00 I
^  cd
I I vO I I I I I
O O M ’ ^ r ^ r ^ J ’ C O C O C D ' —t r H > H r H ^ t  
O O i D ' D O O O O ( T > < X > i D ( 7 ' ( X '  
( N - H f N P g ^ H f N O g t N  rH
VI  VI  VI  V |  VI  V I ' V I VI  VI  VI  VI  VI  VI
O ' H f N j r o ^ ’ i r t v D r "
CO ^  i T t v D r ^ C O O ^ ' —I ' H ' H ' H ' H ' H ' H ' H
o 5 05 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5
•H CN >• H  <N ros  s  z  ^ *-j r) o  o  z  a
C P  C 'V
03 0J 03 c
H O' rH 03
•H *H
c  ^ c
O ^  Q P
0  H 0  0)
w q  to pc 3 q c
r  2 a
P  OU 2 8
>
U rH
03 3
.X
>. 0
rH »H
I I I
O  tN O
CO H  ^
>H >H 
VI  VI  VI
CD O'  O
-H >H fN
05 O' 05
o  o  r-*
VI  VI
2  2  
oc;
<  <  2  >  03
2  £  »3 2  Q
O
P  5p
03 03£  2
03 03 0)
P  P  C
03 03 3
»J PJ »3
. • T3
> U 03
£  8 §0
•H *H £
P  P  (0
3 S 3
2  £
w
8 1 0) 
P
' I0)
05
i
5c
3
O r H r s m n t i n v D r ^  m  co a> O  -h  cn . m
•—t r H « H < H r H - H r H r H  M rH rH fs|  (N (N >  fN •M M >
■H T3 H 10
C 03 X 3
• n a g s
iTl
(N fN
U-4
P
e0
•H
<r
(D
1 S
E to
•H rH
3 1
VD- f*- CO <T*
125
c
X  H 
w 5 
(tJ o  
u  u
s
o  
x ^ o I I I I I I
in
qj
in id
*H X
in
CO
u ° 1 i 1 r-4 I i
in
i 1 i i i i i i 1
vO
i 1
rH
'S)
fN
5
m m m fN m
T3
(tj m 
4J X
£ m
1 i 1 i i i i i i i
iD
I « 1
in
3
IN
fO
in IN m
z
3 £ in m ?Qj
§  x
(N 1 i , a i m l - 1 1 1 i i 1 1 ix i • i ■ a ' a
a! P o CN CO £-H m 
rH X 
•H S
J O
1 •—i 1 1 i i 1 * 1 1 CO i i Tf i i I i 1 fN i 1
■& £ co o CO m IN O mT3 <N 
03 X 
0<
lO
(N
«N
1 i -H | l 1 00 ' cn' a I I i i 1 IN
QJ
N ° °•H «H 
03 X 
2
m
(N
H
-* i 1 1 i I kO 1 1 1 i 1 1 i i I <* 1 1 ■ 1
•C
U
D  *4-4
QJ O
2  U
a-
QJ
u  in
in •—l <—* 
3  QJ H 
O > CQ O o
<
12
<
22
co
o  o 3 3 o o o a a a a a §
fN
s
o O m
cr*
tO QJ —' 
QJ O
a,
•—(
V |
f—\
V 1
(N ^1 
V 1 V
<N 
V I
IN
V
IN
V 1
CN
V
fN
V 1 V V 1 a , V , V , V 1 a , V V I
H
w
o CN n in vO i"- CO
ce.
cn o »H fNI a a R3 R4 R5 R6 a COcc o>oi a a a a a HCt a a a fNOS INcq a a
§ § g rH  (N  fH  >H0  0  2  0 H  U  8
T3
' TJ QJ 
T3 C 4J 
X  03 03 
f l  H  D> 
H  -H
C ^  
O ' Q  M 
C 0  -H 
•H  W C  
V4 C 3
f t-  2 ~
s
H
•H
TJ
C  TJ
03 c
f-H nj
8  Ö
W * -U
c  c
2  5
rH ^
U TJ 
03 -H  
W 2
0) >ii 1
0) Qj
V  4J
m <tj
O  O
a(1) 4-)
10 Ü
O  H  fN n
I—I fH I—( rH rH
v  o
U 2
O
0) rH1
+J V4
03 03
vJ U
ID  lO
( I—l
> u
>, o  qj
0J 2  0
2
> .  > i
Q) D  H  H
4-* q  v-t m
03 3  05 03
O  ^  W  U
o  cq e
u  o  qj
u
1j
QJ
03
CO (P O  H  (N
•—< *H IN (N (N
C
•o 0
0) M
I 1 §
x  x  H
W V)
03 03
u  u
m Tj-
rN fN
a  a
i I
<Q X 
Q< 03
CO
<N
a:
I
s
144
£
i
QJ
•H
D1
0)
M
i s
6  in
•H «Hin -H Q)
D C X  X 3
6  J j  s  I  a
ID r -  CO O '
tO
R
R
O
W
i:
126
ü
rH ^  
I—I X
'S
£
T3 
03
CU ro  
X
>1
U  rH rH I 00 I I I
X  2
H  O
Q  H
2  Eh
W <
ß* D
fl« Eh
<  M
T3
T3 O 
03 X  
ß*
0)
N
•H rH 
03 X
CM
I I rH
U  «H I I
00 O  CM CM CO CM
I I CO I CO CO CM
I I
CM O  
I CO ^
•ro
•P
-P Uh 
<1> O 
2  P
rH
(1) -H 
> CO CM CM 
rH rH 
V I  V I
v D ^ D ^ T O O C O C O r H r H ^ T
L D L D O O O O O ^ C T i L r )
CM CM «H CM CM CM «H
V I  V I  V I  V I  V I  V I  V I  V I  V I
O  CM O
CO rH vD
V I  V I  V I
5 2
£
03
03
cn
•H
P
TO 
T> <D 
'O  C  +J
c  <a (0
rd h  tj>
rH *H
C M 
CP 0  ^
C 0  -H
•H M C
M S 3
a  0
W  £
8 8
in kD r- 
K  «  K  «
M  >( r l  (N
£  £  ^  r)
oo cn
«  b ;
oo g
h )  ^0
£
TJ
03
P<
O
(U
•H
D1
2
0  
-P
1
0)
•H
&
<U
e  -o
■H V  
C (0
O  rH CM M
rH rH rH M
^  ID 
rH rH
• I
I
127
Ln •
X o
rH ^
rH  X  
•H
£TJ
03Oh
>1
Q
ro
£
TJ CN 
03 X  Oh
03N
•H  r-
03 x
■ n
cr*
S
S
vO
CN
•P
V U-i 
03 O  2 U a*
o
rH
0) -H > CQ
C J  I  r H
CN
CJ «H I
CN CN 
rH  rH
VI VI
I I I I
I I I I
CO O  CN CN CO CN
I I CD I CO CO CN
I I I I I
v O v O ^ r C O O O C O r H r H ^ Tm i r > o o o o ( T * c T » L n
CN O  
I CO ^
I I
CN 
V  I
CN I VI VI VI V ,
O  CN O
CO rH  VO
rH  rH VI VI VI
O O
rH  CN 
04 04
C
rH
O'
•H
Oh
CO
V n  a) c p
id id 
rH  CT>
C M
0)
«3CT>•H
U
X!
S
O  rH tN
o i a i a K a a ; « « «
ro vr in 
ctf c2
> t  rH  CN m
2  X> t> t>
•H  <d (0
2  A ’ 4
rH  CN
o  o
03
5 J
u
n
e >1
3
V
Q<
03
CO
p
O
c
t.
TJ
a)
p
03
o
X)
03
id -H  id
4 2  1-3
O  H  CN
rH  «H •—I
vo
«  3
o m a  u
n
■H
X) oa) p
§ so 4
w w
IT) (0
u  u
^  in  • i o  i~~
rH  rH r "  rH  rH
£TJ
03
Oh
0 
P
1
O'si
>
2
i
VH
P
aj
5
•H
D10)
Mi
ni
mu
m
128
Q  -r1
M H
a §
1 s
W
a;
in r -
<H X
l
><°
03 m  
JZ X
£rH V
' h  *
£
TJ 
03 
£X
>.
Q
rO 
TJ CN 
03 X
t—i
CO
CN
ro
Ej
CN
3
8
in
8
s
s
8
10
CN
P
P  P  
0) O
"  2
03u  in
P  r—i -—% 
P  03 H 
O >  CQ in a>
S ^
0)
o
w
r^ >
^vo
j n
J T
(JN
<H
CN CN 
rH H
a  2
'O 
TJ 03
s 1Ä
rH O'
C P  
O P
0  H
in c
I I I I I I
I I I I I I I I I m  I
I I I I I I I
o  CN
I I I I I I > i i
co
oo o
I I I I co I
CN 00 CN
I I i  I I I
C O ^ T i D l O ^ T C O C O O O r H f H ^ r r H r Ho o i n m o o o o a i o ' i n o ' o '
C N f H C N C N » H C N C N C N  <-H
VI  VI  VI  VI  VI  V I  V I  VI  VI  V I  VI  VI  VI
m  io 
X X
00 O'
X X
>< -H
P  o
u  z8
>,  >i
rH rH 
P  P
03 03
3  "3 03 P
» - ) * - )  in  uo
0) 03 03
P  P  P  TJ
03 03 03 -H
J  J  Z
--H cn <n vj- in  iD m  co O' O  h  in
I—I »H r—l >H rH rH rH M <-H t-H CN CN CN
I I I
I I I
CN O  O  O
rH vD
rH rH
V I V I  V I V I
O'  O  rH CN
rH CN (N <N
>’ J
z  S
>, > ,
rH rH
p  p
03 03
r - m
rH
m
V 1
in V0
CN
X 2 2 2
g j d
1 i i 1
p p P p
p p P p
e i i i
03 03 03 03
•H •H •H •H
cr
03
CT
03
O’1
03
c r
03
P P P P
M
in
im
u
m
p
a
d
d
y
M
in
im
u
m
w
h
e
a
t
M
a
x
im
u
m
m
u
s
ta
rc
M
a
x
im
u
m
p
u
ls
e
s
i inCN 10CN Kco r* oo O'
129
o'
x : 2 
"w o 
«3 u
u  £
CO • CO
X  O  <J
£
5  £
Q >
M -H
M i
2  2
3  H
Z  <
If)
<D
u) r*
rH X
2
x^
s5  x1^
2
S
-h
rH X  
H
S
TJ 
fT3
IX ^r o
>*
X^
(1)
N
•H f—I
<TJ X
r -
v0
m
^JT
o.
I I ^  I I
I I I
I ^  I I
I I I
I I I I I I
I I I I I I i n I
i * i i i
i l l  * i i i i
I I I
I I M> I I I I I I I I
i * i i i
I • • 1 I
I I I I
■U 
-U IM 
<D 0
“  Ä
2ü
3  Q) H 
O > CQ
tn <u ■— 
cj J  
os
IN CN 
•H rH
*—I CN rn
os os a: a,
TJ <U
c -n
n3 fO 
•H O'
C U
o ^
O H 
If) C
C O ' ' T ' 0 l0 ' ^, C O C O C O r H ^ « 3, r H r H
o o i n i n o o o o < T * < T ' i n ( T ' c n
C M r H C M C M r H C M C M C M  
V |  V I  V I  V I  V I  V I  V I  V I
oo cr>os os
£  3 P1
a)
T3 4J
ä  3
O  <H
rH H
*—I (N *H iH
O  O Z  Q
(N O  O  O
«H i0  r *^
o  o
V I  V |  V I  V I V ,  V , V I  V ,  v , V I  V , A 1 >
1
^  i n »0 r -
rH -H <H <H
Ct, (X. CC X R
1
8
R
1
9
R
2
0
 
R
2
1
 
R
2
 2
R
2
 3
 
R
2
4
(M
M
) 
:
R
2
5
R
2
6
R
2
7
R
2
8
• > u  
4J o a; 
o z  a
(N m 
*H *H
>. >*
rH *—l
M U
fd TJ
O  CQ
(J U
m v0 m co O' o  h  rg
rH rH rH M rH rH CN IN (N
rn ^r
(N CM
>* 3  -P
TJ e T3
'O H O )
TJ C -C
a  h  5
x
i o
CM
U-4
-U
E
a»
a 1
a>
u
I  s
E if)
•H «H
5 1
>0 C'  CO 0>
130
REFERENCES
Adhikary, G.M.S. 1974. Impact of Resource Reallocation and Credit 
Availability in the Rupandehi District of Nepal - A Linear 
Programming Approach. Unpublished M.A.D.E.thesis, The
Australian National University.
Agricultural Development Bank 1974. Development Support for Small 
Farmers, Kathmandu.
Agricultural Projects Services Centre 1975. Evaluation of the Gandaki 
Anchal Agricultural Development Project, Kathmandu.
Anderson, D.R., Sweeny, D.J. and Williams, T.A. 1974. Linear
Programming for Decision Making. West Publishing Co. New York.
Central Bureau of Statistics 1961. Agricultural Census.
Centre for Economic Development and Administration (CEDA) and the German 
Development Institute (GDI) 1973. 'A regional analysis of 
Kosi Zone/Eastern Nepal', Socio.Econ.Plan Sei. Vol 7, June 
p.213-14, Great Britain.
Dahiya, L.N. 1972. 'Impact of Optimum Agricultural Land Allocation 
Patterns on Farm Incomes - A Case Study of Transitional 
Agricultural Economy', Indian Journal of Agricultural Economics, 
Vol 31, No 1, pp.23-39.
Dantzig, G.B. 1951. 'Maximization of a Linear Function of Variables
Subject to Linear Inequalities', in T.C. Koopmans (ed.) 1951.
Department of Food and Agriculture Marketing 1976. Agricultural 
Statistics, HMG, Nepal.
Dorfman, R., Samuelson, P.A. and Solow, R.M. 1958. Linear Programming 
and Economic Analysis. McGraw Hill, New York.
Economic Analysis and Planning Division 1971. Farm Management Study 
in the Selected Regions of Nepal, 1968-1969,
HMG, Ministry of Food and Agriculture, Kathmandu .
Economic Analysis and Planning Division, 1972. Agricultural Statistics 
of Nepal, HMG, Ministry of Food and Agriculture, Kathmandu.
Evaluation and Project Analysis Division 1974. Impact of the
Agricultural Extension Programme on Agricultural Production in 
Nepal, Vol II and IV, HMG, Ministry of Food, Agriculture and 
Irrigation, Kathmandu.
Fisk, E.K. 1964. Studies in the Rural Economy of South-East Asia, 
Eastern Universities Press for Univ. of London Press.
131
Fry, J.M. 1974. Resource Mobilisation and Financial Development in 
Nepal. Centre for Economic Development and Administration 
and Nepal Rastra Bank, Kathmandu, Nepal.
GAADP 1970-74. Annual Reports. GAADP Headquarters, Khairenitar.
Gurung, H. 1969. Regional Development Planning for Nepal.
Heady, E.O. and Candler, W. 1958. Linear Programming Methods.
Ames, Iowa State College Press.
Heady, E.O., Johnson, G.L. and Hardin, L.S. 1956. Resource Productivity, 
Returns to Scale, and Farm Size. Iowa State College Press,
Ames, Iowa.
Heyer, J. 1971. A Linear Programming Analysis of Constraints on Peasant 
Farms in Kenya. Food Research Inst. Studies, 10 (1).
Hill Agricultural Development Project Report, Mimeo, Nepal.
International Bank for Reconstruction and Development (IBRD) 1974.
Agricultural Sector Survey of Nepal: The General Report, Vol 1.
Johl, S.S. and Kahlon, A.S. 1967. Application of Programming Techniques 
to Indian Farming Conditions. Department of Economics and 
Sociology, Punjab Agri. Uni., Ludhiana.
Koopmans, T.C. (ed) 1951. Activity Analysis of Production and Allocation, 
Wiley and Sons, New York.
Mactier, L.A.W. 1973. Evaluation of Linear Programming as a Practical
Tool for Farm Planning on a Dry Land Mixed Farm on the Southwest 
Slopes of New South Wales. Unpublished M.A.D.E. thesis, The 
Australian National University.
Malhotra, R.C. 1972. Agricultural Marketing Conference Proceedings,
Nepal.
National Planning Commission 1970. Fourth Plan, HMG, Kathmandu.
National Planning Commission 1975. Fifth Plan, HMG, Kathmandu.
National Planning Commission Secretariat 1974. Statistical Pocket Book, 
Kathmandu, Nepal.
Nepal Rastra Bank 1972. Agricultural Credit Survey Report, Vol I and 
IV, Research Department, Nepal Rastra Bank, Kathmandu.
Pant, Y.P. and Jain, S.C. 1969. Agricultural Development in Nepal.
Vora and Co., Publishers Private Ltd., Bombay, 2.
Pant, Y.P. and Jain, S.C. 1972. Long Term Planning for Agriculture 
in Nepal. Vikas Publications, Delhi.
132
Paulino, L.A. 1975. 'A Study of the Relation between Farm Size and 
Agricultural Technology in Upland Farms', in Proceedings 
of The Agricultural Economics Conference of South East Asia, 
AESSEA.
Prajapati, K.P. 1976. Growth and Development of Chir Pine Seedlings
in Relation to Nutrition, Temperature and Light. MSc. thesis,
The Australian National University.
Rajbhandary, K.B. 1968. Natural Environment and Crop Distribution in 
Nepal. R.N. Adhikari, Kathmandu, Nepal. United Nations 
Development Programme.
Research Centre for International Agrarian Development (n.d.). The 
Structure of a Nepalese Mountain Region, Heidelberg, German 
Democratic Republic.
Schroeder, C.W.M. and Sisler, D.G. 1971. Impact of the Sonauli-Pokhara 
Highway on the Regional Income and Agricultural Production of 
Pokhara Valley, Nepal. Department of Agricultural Economics, 
Cornell University, Ithaca, New York.
Sharma, S.R. 1974. Technical Efficiency in Traditional Agriculture, an 
Econometric Analysis of the Rupandehi District of Nepal. 
Unpublished M.A.D.E. thesis, The Australian National University.
Shrestha, B.P. 1975. Rural Development Strategy, Nepal, (mimeo).
Shukla, V.P. 1971. Interaction of Technological Change and Irrigation 
in Determining Farm Resource Use, Jabalpur District, India, 
1967-68. New York State College of Agriculture and Life 
Sciences, Cornell University, Ithaca, New York.
Singh, K. and Rahim, K.M.B. 1976. 'Resource Use Plans for Representative 
Farm Situations and their Evaluation' in Rural Area Development, 
Department of Agri. Econ.,G.B. Pant, Uni. of Agri. Tech.,
Nainital.
Taber, J.C. and Alplin, R.D. 1974. An Introduction to Linear Programming - 
The Graphical Analysis. Dept, of Agri. Econ., Cornell
University, New York.
Throsby, C.D. 1970. Elementary Linear Programming, Random House, New York.
Wagner, H.M. 1969. Principles of Operations Research with Applications 
to Managerial Decisions, Prentice/Hall International, Inc.,
New Jersey.
Wallace, D.B. and Burr, H. 1972. Planning on the Farm.
Wardhani, M.A. 1976. Rational Farm Plans for Land Settlement in
Indonesia: A Study Using Programming Techniques. Published
M.A.D.E. thesis, Development Studies Centre, The Australian 
National University.
V133
Waring, E.P. 1962. 'Some Aptes on Dynamic Linear Programming: Comment', 
Rev. Marketing Agr. Econ. (Sydney) 30, 4, 228-9 (Dec.).
Wonnacott, T.H. and Wonnacott, R.J. 1972. Introductory Statistics for 
Business and Economics. John Wiley and Sons, Inc., New York.
Zeuner, J.T. 1971. Nepalese-German Gandaki Agriculture Development 
Project, 1969-1971 Report. German Agricultural Assistance 
Team, Gandaki Agriculture Development Project, Pokhara, Nepal.
